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Executive Summary 
 
The forest canopy, often referred to as the eighth continent has been looked upon in awe 
since the dawn of mankind. The tropical rainforest canopy is a highly variable environment 
that provides structural and functional niches for several living organisms. Much of the 
diversity in tropical forests is found in the canopies and many interactions between organisms 
also occur in the canopies. Canopies are one of the least studied of terrestrial habitats.  In the 
South Asian region, canopy studies have been few and far between. Canopy science in India 
is in its infancy. Pioneering work in this field in India has been done by researchers from 
ATREE on pollination and frugivory at the Kalakad- Mundanthurai Tiger Reserve (KMTR). 
Apart from these studies, there is very little work on canopies that exists from this region.   
In KMTR, this thesis concentrates on the mid-elevation wet evergreen forests of Kakachi and 
Kodayar. The forest canopy here is considered structurally complex and an ecologically 
critical system of the forest. These forests have a history of human exploitation, with the 
establishment of tea estates in 1928. Selective felling and clear felling for timber and 
cardamom plantations has also modified the habitat. This has created a variegated mosaic of 
natural and managed ecosystems.  
This thesis aims to study the bird and small mammal communities across a habitat mosaic of 
unlogged, selection-felled and clear-felled forests. With secondary forests becoming 
dominant in tropical landscapes, it is important to ask questions such as, how forest 
communities are vertically stratiﬁed and its role in such modified habitats. More specifically, 
I explored the effects of disturbance and change in habitat structure on these communities by 
1) identifying the lacunae that exists in community ecological studies related to forest 
canopies, 2) By devising and testing effective sampling protocols for the two target taxa,      
3) Evaluating the change in community structure and vertical stratification of bird community 
and small mammal communities across the habitat. The thesis has five chapters with the last 
one being a synthesis of the findings. 
The concept of ‘canopy’ birds and small mammals is examined and the state of the art in 
canopy research is discussed. I ask if canopies host unique communities of birds and small 
mammals. I explore the advantages and problems of studying arboreal organisms and 
possible solutions. The pros and cons of canopy sampling with the development of new 
techniques such as canopy cranes and potential solutions using examples from my work are 
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illustrated. I then introduce the premise and the hypothesis that is the theoretical underpinning 
of the thesis along with the specific objectives.  
Methods for studying canopy organisms are infrastructure intensive and are plagued with 
problems of replication.   To circumvent these problems I have used canopy platforms and 
trapping in conjunction with traditional ground based methods to illustrate the importance of 
canopy sampling for a well-studied taxa- Aves as well as for a poorly studied taxa - Rodents. 
My results indicate that canopy sampling is essential for these taxa in multi-layered habitats. 
These methods have shown to maximize habitat coverage by repeated sampling of the 
understorey and canopy and are indispensable for the understanding of ecological processes. 
I go on to explore variations in local bird community structure along a disturbance gradient, 
using traditional ground-based sampling in conjunction with canopy sampling. Results 
indicate a reduction in species richness and abundance in Clear-felled habitats. Guilds too are 
affected by the change in habitat structure. This is termed as “guild compression” and is 
attributed to the simplification of the habitat. 
 
Patterns of vertical stratification and community composition of small mammals were 
analysed. Community composition and relative abundance of species across the habitat are 
similar; additionally there is a general reduction in the number of species, and in abundance 
in the upper layers. Results indicate that structural change in habitat may alter the community 
composition of different forest layers but they do not seem to alter greatly speciﬁc patterns of 
vertical habitat utilization. 
 
A synthesis of the findings is presented with a perspective on current canopy based research, 
and the autecology of the species is explored. I also highlight the shortcomings of the study 
and possible improvements are suggested. The conservation implications of such studies and 
canopy sampling in general are elucidated. The conservation of canopy vertebrate 
communities and importance of such studies in the South Asian context is also discussed. 
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Chapter 1: Introduction: Birds, Small mammals and the 
forest canopies 
 
Birds are one of the most studied taxa, both in the tropics and temperate regions as they are 
highly diverse and occupy a wide range of habitats.  Community ecology studies of birds 
such as Lack (1947); MacArthur (1958); MacArthur and MacArthur (1961); Terborgh (1990) 
are some of the seminal works in this field that discuss the need to address structural features 
of habitat for better understanding of avian communities. In Aves, forest structure is a key 
feature in habitat selection because it plays an important role in their life history (Cody 1985; 
Karr 1989). Forest height, tree species diversity, bark textures, snags and dead wood, fruit 
types, leaf characteristics, other dependent plants, gaps, and edges are some of the structural 
features that influence bird assemblages (Karr 1971; Cody 1974, 1985; Robinson and Holmes 
1984; Sharpe 1996). Foliage height diversity has been used to  explain increasing diversity of 
birds in forests with increasing height and vertical structural diversity because plant 
communities of increasing  size,  diversity,  and  structure  support  greater variety of  
available  niches  (MacArthur  and  MacArthur1961).  
Canopy dwelling small mammals too have been studied extensively in the Neo tropics and 
South-east Asia. The abundance, richness and diversity of these communities can be related 
to heterogeneity and complexity of the habitat (August 1983; Fernandez and Gentile 1999; 
Grelle 2003).  The three-dimensional use  of habitat  by small  mammals has  been  reported  
by  several  authors  (August  1983; August and Fleming 1984; Malcolm 1991, 1995; 
McClearn et al., 1994; Meserve 1977; Stallings 1989). Similar body size and morphological 
characters in many species have been known to help them coexist due to resource partitioning 
and vertical segregation (Emmons & Feer 1997).  
Most of the above ecologically important insights and inferences have been arrived at using 
ground based sampling.  
 
Why canopy? 
In structurally complex tropical forests, an understanding of forest ecosystems must address 
biodiversity and community interactions at all levels of the forest (Lowman and Rinker 
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2004). The structural complexity, species diversity, ﬂuctuations in microclimate and resource 
availability separates the canopy from other strata.  
Canopy bird communities include important functional groups, such as seed dispersers, 
pollinators, and predators (Howe 1977; Nadkarni and Matelson 1989; Blake and Loiselle 
2000; Holbrook and Smith 2000). Many long-distance and elevational migrants also use the 
canopies, and an understanding of their ecology, distribution, and abundance is necessary for 
their conservation (Loiselle 1987; Powell and Bjork 1995; Anderson 2009).  
Small mammal communities form an important part of the canopy biota and are highly 
canopy dependent, these include frugivores and folivores (Emmons 1995). Arboreal mammal 
species diversity is comparatively rich, with 60-80% of tropical mammal communities being 
arboreal/ scansorial (Kays and Allison 2001).  Also, transitory arboreal behaviour in this 
group allows for access to resources and means of travel (August 1983).  
Estimates of diversity and abundance in the forest canopies have come from ground based 
observations. These have their obvious disadvantages when the habitat is structurally 
complex, with tall mature canopies.  In tropical habitats, the ability of an observer to detect 
birds within the dense foliage depend on the distance of the observer from the canopy and the 
conspicuousness of the species observed in terms of coloration, vocalization and movement 
(Anderson 2009). Therefore observations done from the canopy can give us a better 
understanding of tropical-forest bird communities (Naka and Stouffer 2004).  
Similarly canopy and scansorial mammals are frequently ignored as they are rarely captured 
in ground traps and canopy trapping is logistically difficult.  Therefore determining the 
canopy use and extent is therefore very important for predicting community dynamics of any 
tropical mammal community (Kays and Allison 2001).  
Do canopies host a unique set of species?  
Studies have shown that frugivores and omnivores represent the ‘core’ canopy avifauna of 
the neotropics (Greenberg 1981; Loiselle 1988; Levey and Stiles 1992) and show narrow 
individual diet spectrums (Cohn-Haft and Sherry 1994). The patchy distribution of resources 
over time and space in the canopy (Frankie et al., 1974; Greenberg 1981; Loiselle 
1988;Levey and Stiles 1994) has led to many canopy species being well adapted to long 
distance movements (Karr and James 1975) leading to fluctuations in local populations 
(Winkler and Preleuthner 2001). Birds inhabiting  the forest  canopy  and  those  that use  the 
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forest edge  have been  claimed to  be  ecologically and  phylogenetically closely  related  to  
one  another,  than  with  those of  the  forest  understory   (Orians  1969;  Pearson 1971;  
Cohn-Haft   1995). A major difference between canopy and understorey bird assemblages is 
thought to be their trophic organization (Sherry 1984). 
Rainforest mammals have radiated to fill many niches, particularly those lineages able to 
climb trees and have first choice of resources. Many studies have pointed out that the year 
round availability of resources makes the canopy a viable habitat for small mammals (August 
1983; Emmons 1995; Bakker and Kelt 2000). In general, the small mammal fauna of the 
canopy tends to be less species-rich than that of the ground (Malcolm 2001). Trapping studies 
have usually concentrated on two arborescent strata, one close to the ground and another in 
the canopy, hence fine scale vertical partitioning is poorly understood (Malcolm 2001). .  
Despite the importance, a majority of studies on forest canopy birds and small mammals in 
the tropics continue to be done from the ground. The reason being, canopy access was 
difficult and dangerous until the last couple of decades which has seen many advances in 
canopy access techniques, which have enabled scientists to safely access the canopy of 
various rainforests around the world (Lowman and Wittman 1996; Sutton 2001). Avian 
studies have also greatly benefitted from these techniques and our knowledge of the ecology 
and behaviour of rainforest birds has improved (Munn and Loiselle1995; Winkler and 
Preleuthner 2001). To get more quantifiable and reliable data on canopy dwelling birds, mist-
netting in the canopy, observations from platforms, towers, cranes and walkways is also 
being employed.   
For small mammals, several techniques, are now available and are increasingly incorporated 
into census work. A major challenge in these techniques is access to the canopy, which tends 
to be very laborious and/or very expensive (Malcolm 2001). Each of the access techniques, 
have advantages and disadvantages with respect to time, energy, safety, and expense (for e.g,. 
Moffett and Lowman 1995.)  
 
Canopy access to study birds and small mammals 
 
 
The earliest attempts to study birds in the canopy were by mist netting (Greenlaw and 
Swinebroad 1967; Humphrey et al., 1968). Subsequently, the Humphrey et al., method was 
modified by Webber (1975), Whitaker (1972) and successfully used to capture canopy birds. 
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Beehler(1983); McClure (1984); Munn (1985,1986)  used nets in the Amazon to study mixed 
flocks. Meyers and Pardieck (1993); Stokes and Schultz(1995); Stokes et al.,(2000) and 
Derlindati & Caziani (2005) also used mist nets at various locations in South America . 
Rehman (2002) used nets deployed from canopy walkways in Malaysia for a first of kind 
study in Asia.  
 
A variety of techniques has been used to study the ecology of canopy small mammal species, 
including spotlighting, hair-tubing, trapping, radio telemetry and interviewing of local 
peoples. With  the difficulties of canopy access, directly affixing traps to trunks or branches 
(e.g., Smith and Phillips 1984; Meggs et al., 1991 and this study) and climbing repeatedly to 
service the traps, it  may be useful to devise a  pulley system that allows raising and lowering 
of traps without repeated canopy access. 
 
Malcolm (1991) devised a system in which pulleys facilitated the  repeated hoisting of traps 
to a frame fixed to the tree (also see Kays 1999). Vieira (1998) use an improved  technique in 
which tree climbing was not required at all; instead, access is provided by shooting lines into 
the canopy with a slingshot or such. Lambert et al., (2005) have developed an even simpler 
technique in which only a single line is shot into the canopy and no wooden box is required. 
 
All the above studies showed that with a little technical innovation, the upper strata of 
structurally complex habitats could be sampled repeatedly and reliably. They also 
encountered species hereto not captured or detected in these sites in previous studies that 
relied on ground-based sampling.  In addition, vital information on the vertical distribution of 
birds and small mammals in these habitats was obtained.   
 
Birds, unlike small mammals, are easily observable and such studies can be carried out from 
platforms such as used by Lovejoy (1975), Greenberg (1981), Loiselle (1987,1988) in South 
America. The use of portable canopy platforms to observe foraging behavior of birds was 
done by Nadkarni (1988); Nadkarni and Matelson (1989). Cohn-Haft et al., (1997) and Naka 
and Stouffer (2004) used towers in their studies in the Amazon. Since the establishment of 
canopy crane sites in the early 1990’s in tropical as well as temperate forests around the 
world, many studies have taken advantage of these facilities.  
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Walther (2000); Schaefer et al., (2003); Nemeth et al., (2001); Heindl and Winkler (2003) 
and Walther(2002 a, b) used the Suromoni Crane in Venezuela  for their studies on canopy 
bird ecology. 
 
Shaw and Flick (1999) and Shaw et al., (2002) using the Wind River canopy crane facility, 
Oregon, USA and Van Beal et al., (2003) studied the effect of birds on herbivory in the 
Neotropical forest canopy in Panama using the canopy crane. Many experiments too could be 
performed using the crane such Kalka et al., (2008) experimentally partitioned bird predation 
from bat predation, and found that bats had dramatic ecological effects on herbivory that 
were previously overlooked.  
 
This body of work has shed light on processes and patterns that are often missed from ground 
based studies. The important insights gained from these studies further underscore the 
importance of canopy-based efforts in studying the community ecology of birds and small 
mammals. 
 
 
Limitations of sampling from the canopy 
 
Access to the canopies for ornithological studies has provided us valuable data though limited 
in terms of studies,  in regard to the structure and functioning of avian assemblages in tropical 
and temperate forests. Walther (2003) used observations made from a canopy crane located in 
the Amazonian rain forest (Surumoni Crane Project, southern Venezuela) to illustrate how 
canopy access may enhance our understanding of canopy birds. His observations from the 
crane demonstrated that some species that are portrayed as edge loving are more often found 
in closed canopy than was obvious from ground-based observations. A comparison on 
ground-based sampling with canopy sampling by Anderson (2009) also found ground based 
methods significantly underestimated species and familial richness as well as abundance of 
individuals in the canopy stratum and highlights the risk of using ground-based methods for 
bird studies in structurally complex tropical forests.  
 
Arboreal small mammals often are difficult to study because of their small size and nocturnal 
habits; as a result, our knowledge of the entire canopy fauna has depended on the 
development of suitable study methods. Inventories of the entire mammalian fauna at a site 
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may require several years, if not decades (Emmons 1999). Malcolm (1990), reported that the 
densities of several canopy species from terrestrial trapping were an underestimate compared  
to canopy trapping and  that strip transects even more seriously underestimated densities (see 
also Smith and Phillips 1984; Lindenmayer et al., 2001). 
 
The obvious disadvantage of using canopy sampling for birds and small mammals is small 
sample sizes and problems of replicability. The canopy cranes are an extreme example where 
the sample is  n=1  being a major caveat.  However, no other method can offer access to all 
parts of the vertical column of the forest and the quality of observations that can be obtained 
from the crane. Cranes allow flexible and continuous access to a large area with minimal 
effect on the animals. They also facilitate deployment of canopy nets and traps in places 
inaccessible for ground-operated canopy nets. But the n=1 forest stand focus does limit the 
utility of cranes in ecological studies. 
 
Compared to the crane, platforms or canopy towers can provide localized permanent access 
to locations in the canopy and facilitate good opportunities for observation.  But they provide 
a biased impression of animals because they are stuck in a ‘single locality’ as they do not 
provide the opportunity of actively pursuing birds in the canopy (Walther 2003). With cranes 
and single location access (canopy towers), it is important to consider the high spatio-
temporal variability of food resources in the canopy (Leigh et al., 1996),which could 
influence the number of species and individual birds available to the observer. In our research 
(Vivek and Ganesh 2012 a,b), we have worked around these problems by installing several 
canopy platforms in an area of about 12 sq km, accessed using the Single Rope Technique 
(SRT) for birds. These platforms are spread across a habitat mosaic of unlogged, selection-
felled, and clear-felled regenerating forests. These habitats were chosen so as to get a wide 
spatial coverage and study the effects of structural change of habitats on the two taxa. For 
small mammals, we established trapping grids and arboreal trap lines in three different 
habitats. The advantage of using the SRT is the portability of the access method, minimal 
equipment and cost which allows for safe repeated access and replication.  Using a 
combination of rope-based methods, researchers now have a slew of options in their arsenal 
to tackle the challenges of canopy based research. 
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Objectives of the study 
 
Given the lacuna in research on canopy birds and small mammals in south Asia and  my 
interest in vertical stratification, the preceding review of canopy studies in relation to birds 
and small mammals, and the paucity of studies that explore canopy sampling as an integral 
part of ecological work led to the  questions on how these observations would change our 
perceptions by adding the additional dimension of canopy sampling and how/if that would 
enhance our understanding of these communities. The ability to access the canopy can throw 
new light on various ecological processes. In community ecology and population dynamics, 
accurate assessment will give us a better understanding of community composition and 
dynamics.  The study of niche partitioning and resource use at a finer scale can be achieved 
due to access and can lead to refining the theories on coexistence and evolutionary ecology. 
The choice of birds and small mammals as target taxa was due to the need to demonstrate that 
intensively studied taxa like birds and often ignored taxa such as small mammals benefit by 
the comprehensive sampling of forests in 3D space.  Birds are a highly vagile taxa and are 
very well studied in relation to habitat change (Raman and Sukumar 2003). The impacts of 
such change on small mammals are poorly investigated, especially in the Indian context. 
Hence, the paucity of studies that look into the differential impact of habitat change on these 
taxa was an additional motivation. 
 
The thesis initially tries to address some basic questions on existing sampling techniques and 
if they provide an eclipsed view of the bird and small mammal community. This led to 
developing a comprehensive protocol for sampling birds and small mammals using a 
combination of ground and canopy sampling (chapter 2) and how this may help in better 
understanding rainforest communities as a whole. 
 
My investigations on the diversity and abundance of bird and small mammal communities led 
to questions on how habitat structure influences the structure of the bird and small mammal 
community of the area and if decrease in habitat complexity leads to a simplification of 
community structures of birds and small mammals. 
 
These two themes are investigated in chapters 3 and 4 for birds and small mammals 
respectively. For birds, I specifically asked: 
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How vertical stratification is affected by habitat? Are guilds and foraging modes impacted by 
the structure of habitat and if secondary habitats are of value in conserving local avifauna.  
 
For small mammals, I focused on species composition and relative abundance of the small-
mammal community across the vertical strata and how the community responds to the change 
in habitat structure. 
 
 In chapter 5, I provide a synthesis of my findings of the preceding chapters and discuss 
possible short-comings, improvements and implications of canopy based research for 
conservation of vertebrate communities.  
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Plate 3 Checking a canopy trap 
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Chapter 2: Importance of canopy-based sampling for birds 
and small mammal communities 
Introduction 
Forest canopies have received a lot of attention in recent times and have been the focus of 
current scientific research the world over (Lowman and Rinker 2004). Forest canopies are 
clearly important for elucidating the structure and functioning of the forest vertebrate 
communities as they provide abundant food resources in the form of leaves, flowers, fruits, 
arthropods and other organisms (Mitchell 2002). High structural complexity, high plant 
species diversity, and pronounced fluctuations in microclimate and resource availability in 
the canopy have a profound effect on these communities.  The development of field methods 
for the study of forest canopies, however, has been hindered by the difficulty of gaining 
access and gaining an insight into the canopy. 
Ground-based studies have their obvious disadvantages when the habitat is structurally 
complex, with tall mature canopies. Access to the canopies has provided us valuable 
information in regard to the structure and functioning of arboreal communities in tropical and 
temperate forests (Lowman and Rinker 2004). Limitations faced by canopy studies so far 
have been difficulty in access and problems of insufficient replication (Barker and Sutton 
1997; Bongers 2001) and ground-based studies also lead to inaccurate generalizations and 
bias in the estimates of richness and abundance 
Birds 
Birds are a conspicuous and important component of tropical forest ecosystems.  Canopy bird 
communities include important functional groups, such as seed dispersers, pollinators, and 
top predators (Howe 1977; Nadkarni and Matelson 1989; Blake and Loiselle 2000; Holbrook 
and Smith 2000).  Despite this, little work has been done on birds inhabiting and using this 
forest zone (Pearson 1971; Lovejoy 1975; Greenberg 1981; Munn 1985, Loiselle 1988; Munn 
and Loiselle 1995; Lowman and Wittman 1996; Shaw and Flick 1999; Winkler and 
Preleuthner 2001; Walther 2002a, 2002b, 2003).  
One of the methods used most frequently to study the abundance, distribution, and ecology of 
forest birds is the point count (Ralph et al., 1995).  Point-count data is used to make 
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inferences about the presence and abundance of birds, but an important consideration of this 
method is detectability (Farnsworth et al., 2002), which can vary widely with species, habitat, 
and time of day or year, among other factors (Blake 1992; Ralph et al., 1995; Pacifici et al., 
2008). The ability of a researcher on the ground to detect birds in a tropical forest canopy 
varies dramatically because of (1) the range of conspicuousness of different species 
depending on size, coloration, vocalizations, and movements and (2) the density of foliage 
and distance that separate the observer from the canopy (Pacifici et al., 2008). There are few 
canopy birds studies globally as listed earlier, but in India, all bird studies such as Daniels et 
al., 1992; Kannan and James 1999; Raman et al., 1998; Raman and Sukumar 2002; Raman 
2003; Santharam 2003 have been restricted to ground based observation. Because of the 
continued reliance on ground-based methods, a comparison of the efficacy of canopy 
sampling over ground based ones is essential to assess its value for the study of rainforest 
birds and to determine what biases or limitations may exist(Anderson 2009).  Any substantial 
weaknesses that are revealed could have major implications for the understanding of forest 
bird communities, ecosystems, and the conservation of both. 
Small Mammals 
Unlike birds, arboreal small mammals are not the most conspicuous and charismatic forest 
animals, though from a morphological and ecological point of view they are a diverse group. 
They play very important roles in tropical ecosystems as seed predators (Adler 1995; Asquith 
et al., 1997; Fleming and Brown 1975; Hoch and Alder 1997; Terborgh et al., 2001) and can 
greatly affect forest regeneration (Asquith et al., 1997; Struhsaker 1997; Terborgh 1992; 
Terborgh et al., 2001).  With the exception of Australia, almost all canopy small mammals 
are found in tropical rainforests (Emmons et al., 1995), and the pinnacle of diversity and 
abundance in the group is in that biome, where as many as 60 % of non-volant species may 
be at least partly arboreal (Emmons et al., 1983). Their secretive and nocturnal habits as well 
as inaccessibility to their habitat have made mammals inhabiting the canopy some of the 
planet’s least-known animals. Arboreal small mammals are even less well studied than their 
terrestrial  cousins due to the logistic feasibility of placing traps in the canopy.   In the neo-
tropics, of the 10 sites that have been sampled extensively for mammals, only one is thought 
to have sufficient canopy trapping. (Voss and Emmons 1996).  There have been cases where 
rare species have turned out be common when the canopy was sampled. An often quoted 
example is of the arboreal woolly opossum Caluromys philander  in Central America, 
thought to be rare but turned out to be the most abundant animal in the forest after canopy 
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trapping was employed (Malcolm 1991, 1995).  The paucity of studies combined with a 
limited understanding of the efficacy of different sampling methods for small mammals 
further exacerbates the problem. Behavioural differences, differential habitat use, body size 
and use of vertical strata have a direct bearing on the effectiveness in sampling small 
mammals and a single methodology will not be effective in recording the presence of all 
species in a given area. (Voss and Emmons 1996; Voss et al., 2001).  
Very little work has been done on canopies in India with most of the work restricted to the 
Western Ghats (Devy and Ganesh 2003). The  first  attempt  to access  the  canopy  in  India  
for  research was made in Kalakad Mundanthurai Tiger Reserve for  a  study  on  canopy  
trees  pollination (Devy 1999). This was followed by community level studies on pollination 
(Devy and Davidar 2003) and plant-animal interactions (Ganesh and Devy 2000, 2006).   
 
Objectives 
This is the first attempt where canopy access has been employed to study bird and small 
mammal communities in the wet evergreen forests of the southern Western Ghats. 
Using the hypothesis that ”Stand alone ground sampling  gives us an eclipsed view of the 
bird and small mammal community”, here I develop a comprehensive sampling protocol for 
birds and small mammal community in the Kakachi region of the Kalakad- Mundanthurai 
Tiger Reserve, the Southern Western Ghats, India. 
 
For birds, I use the observations made from the canopy as well as understorey to illustrate the 
importance of canopy access and how it may help get better estimates of abundances of 
certain species and enhance our understanding of structuring in rainforest bird community.  
For small mammals, I deploy canopy and terrestrial trapping and explore the role of bait on 
estimating the total community composition in the forest.  
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Study area 
This study was part of an on-going research programme on canopy avifauna at Kalakad-
Mundanthurai Tiger Reserve since March 2006.  The primary study site is located in the wet 
evergreen forests at Kakachi (8°33’35’’N; 77°22’93’’E).  The wet evergreen forests in the 
reserve are located between 900 and 1500 m elevation. The area receives over 3500mm of 
rainfall annually, spread over 6-7 months of the year. The Kakachi-Kodayar region  is a 
complex habitat matrix which contains unlogged wet evergreen forests, selection felled 
forests as well as clear-felled regenerating forests in an altitudinal range between 1250 and 
1350 m asl. 
Birds 
Bird censuses were carried out simultaneously from canopy platforms as well as from the 
ground. 18 such platforms were located in the Kakachi-Kodayar region of the KMTR with a 
minimum distance of 1 km between platforms. This study was done during the dry period 
from March-May 2006. These canopy platforms were on tall, emergent trees and at an 
average height of 25m above the forest floor. These platforms were accessed using the Single 
Rope Technique.  Sampling was carried out from 0630-1800 hrs at each platform on two 
consecutive days. The timed point counts were done in the vicinity of the platform for an 
hour on the ground and then the canopy platform was accessed by the Single rope technique 
and point counts were carried out for an hour from the platform.  A total of 1444 minutes of 
observations were made each from the canopy and understorey over 3 months.  Variable 
width point count method was used to sample the avian community to estimate abundance of 
bird species. Variables like time, distance from observer, foraging height, and behaviour such 
as perched, gleaning, sallying etc were also noted for each observation. All overflying 
observations were dropped from the analysis. 
Abundance and richness estimates for the two sampling regimes were calculated. Rank 
abundance curves were constructed for the two samples. Percentage underestimation for each 
of the samples was calculated to assess the efficacy of the sampling protocol. 
Small Mammals 
Live-trapping was carried out for small mammals using standard Sherman traps (9 × 9 × 21 
cm, Panwar Hichrome Plating and Engg. Works, Jodhpur).  Three permanent trapping grids 
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were setup, with nine trap lines each. Traps were placed 20 m apart with seven traps in each 
line. The line spacing was 10 m. This formed a grid of dimensions 120*80 m (area = 0.96 
ha). In addition to the terrestrial grid, an arboreal trap line was setup within each of these 
grids. This consisted of traps set at 5 different heights along a vertical axis on 10 trees, with a 
spacing of about 10 m between the trees, the spacing of the traps vertically  was in 
accordance of the stature of the forest at the sampling site . Hence, 104 traps were operated 
for a sampling period of 5 days in each grid.  Grated coconut and Myristica sp seeds were 
used as bait. Traps were checked every morning and re-baited whenever necessary. Fresh 
traps were put in place of traps with captures. Trapped animals were measured, weighed and 
marked with a non-toxic dye for identification. 
Results and Discussion 
Birds 
Forty seven species of birds were encountered during the sampling. The Shannon diversity 
Index as well as species richness for the canopy and understorey samples did not differ 
significantly (Table 2.1).   
Table 2.1 Diversity, Richness and Abundance of the avian community from the canopy and 
understorey. 
 
 
 
 
 
 
Strata Canopy Understorey 
Shannon Diversity 2.7636 2.8916 
Richness 38 37 
Mean Abundance ± Standard Error 
Frugivores 39.62 ± 8.43 22.50 ±10.21 
Insectivores 36.62 ± 15.95 35.75 ± 12.42 
Nectarivores 8.37 ± 2.23 1.75 ± 0.36 
Carnivores 2.12 ± 1.71 2.12 ± 1.98 
Total Mean  87.50 ± 21.19  63.12 ± 16.25 
Total Abundance 700 505 
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Fig: 2.1 Rank abundance curve for canopy and Understorey samples  
 
A Kolmogorov–Smirnov two-sample test for differences between rank-abundance 
distributions of the two census methods (Fig 2.1) was significantly different (KS statistic = 
.016, p=0.006) 
 
The abundance of birds was greater while sampling from the canopy [mean abundance 
canopy=87.50, SE=21.19, mean abundance understorey=63.12, SE=16.25]. However, a 
paired t-test done between abundance of birds from the canopy and the understorey was not 
significant (t=1.15, p=0.14, n=18). Hence, the bird species were categorized into guilds using 
established field guides and on-field feeding observations. A paired t-test was done between 
three different guilds as encountered from the canopy and understorey across the sampling 
period.  It was found that abundance of birds in the insectivore guild which comprised  
species that were distributed across the vertical profile of the forest were detected equally 
from the canopy and understory [mean abundance canopy=36.62± 15.95,  mean abundance 
understorey35.75 ± 12.42, t=0.05, p=0.47 n=18]. The nectarivores [mean abundance canopy=8.37 ± 
2.23, mean abundance understorey 1.75 ± 0.36, p=0.01, n=18] and frugivores [mean abundance 
canopy=39.62 ± 8.43, mean abundance understorey=22.50 ±10.21 t=2.03, p=0.04, n=18] were 
detected more often from the upper canopy than from the understory. 
 
In the frugivore guild, mainly Pigeons (Ducula) and Bulbuls (Pycnonotidae) and in the 
nectarivore guild, Sunbirds(Nectariniidae) and Flowerpeckers(Dicaeidae) contributed to the 
observed differences in the canopy for their respective guilds. These guilds utilize resources 
that are more abundantly found in the canopy and hence the ground based census 
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underestimated their numbers. Functional composition has been shown to be severely 
misinterpreted by ground based sampling (Anderson 2009).  
 
There was diurnal variation in abundance between the two samples with a uniformly higher 
abundance in the canopy sample (Fig 2.2). This could be attributed to the activity patterns 
and vocalizations of certain species which decrease during the mid- day (Hutto 1981; 
Speakman et al., 2000) which decreases their delectability from the understorey but can still 
be observed from the canopy vantage point.   
  
Fig 2.2 Diurnal variations in mean abundance as encountered while sampling from the 
canopy and understorey 
  
Ground-based observations are bound to underestimate abundance of many of the 
inconspicuous canopy dwelling species even though we may document their presence, as 
some individuals call irregularly or are crepuscular in movement (Anderson 2009). 
Therefore, some canopy species may be more abundant in the rainforest canopy, but any 
ground-based census would be biased towards a limited number of observations. Hence, bird 
species previously considered rare may not be so when observed from the canopy and this 
would be a crucial factor to determine conservation priorities for rare and endangered species 
(Walther 2003). 
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The similarity values for the canopy and understorey samples across all sampling stations 
was 0.64 (Morisita-Horn Index) which suggests that the samples are sufficiently different to 
warrant sampling from both strata. Canopy sampling exclusively detected nine species and 16 
other species were detected at higher abundances from the canopy as compared to the 
understorey. Understorey sampling exclusively detected 11 species and eight other species 
were more abundant in this sample (Fig 2.3). This illustrates that species abundance estimates 
are dissimilar for the two strata and the ranks are biased towards species that predominate in 
each of the strata (Anderson 2009).  
 
Fig 2.3 Percentage of detections in the canopy as compared to understorey 
 
The percentage underestimation of the understorey sample was also calculated for seven most 
abundant species (Fig 2.4). This further underscores the point illustrated above. Even for 
ubiquitous species like the Black Bulbul and the Oriental White eye, understorey sampling 
grossly underestimated their abundance. 
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Fig 2.4 Percentage  underestimation of the understorey sample for the seven most 
abundant species(BBl- Black bulbul, OWE-Oriental White eye, MIP- Mountain Imperial 
Pigeon, VFN-Velvet-fronted Nuthatch, BLT- Black-lored Tit, PFP-Plain Flowerpecker)  
 
A crucial factor in conservation assessment is habitat preferences. It is a well-documented 
fact that many canopy birds also forage outside contiguous forest in more open habitats that 
have environmental conditions similar to those of the canopy. Therefore, canopy birds may 
be less dependent on undisturbed forest than midstorey and understorey birds (Greenberg 
1981).  
 
Our observations and results also confirm that supposition.  Most species like the Black 
Bulbul (Hypsipetes ganeesa), Mountain Imperial Pigeon (Ducula badia), Crimson-Backed 
Sunbird (Nectarinia minima) that were encountered in unlogged forest canopy were also 
encountered in the canopy of secondary habitats whereas the more sensitive understorey as 
well as midstorey species like the White-bellied Blue Flycatcher (Fecidula nigrorufa), Black 
and Orange Flycatcher (Cyornis pallipes), Malabar Trogon( Harpactes fasciatus), Rusty-
tailed Flycatcher (Muscicapa ruficauda)  were frequently encountered in undisturbed forests. 
These species were seldom encountered in the canopy, and understorey sampling was the best 
method for their detection. This further underscores the fact that stand-alone sampling gives 
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us an eclipsed view and a concerted effort to include a canopy component for birds maybe 
essential in complex multilayered habitats. 
 
Small mammals 
Canopy and Ground 
Six species (Rattus rattus wroghtoni, Platacanthomys lasiurus, Cremnomys blanfordi, S. 
montanus, Funambulus tristriatus, Mus famulus) were captured. There were 157 captures 
from 4366 trap nights for the Malabar Spiny dormouse (Platacanthomys lasiurus Blyth 1859) 
(SPD henceforth). The SPD was the most abundant species of the seven that were captured. 
The SPD   is one of the 12 endemic mammals of the Western Ghats, its distribution ranges 
from Shimoga (Karnataka) in the north to the southern tip of the Western Ghats (Ellerman 
1961). The sample effort in each strata was: terrestrial trapping (2632 trap nights) and canopy 
trapping (1734 trap nights).  A set of 12, 3*7 trapping grids with a spacing of 10m between 
traps were also run to assess the diversity of small mammals. These were baited only with 
coconut. The sampling effort was 640 trap nights, without a single capture.  
Table 2.2: The capture rate (CR=animals/100 trap nights) of murid rodents and shrews 
estimated through live-trapping. 
 
Abundance measures calculated were capture rate for SPD (number of individuals per 100 
trap-nights). The capture rates were significantly different between the canopy and 
understorey for the given species (t = 1.283, df = 154, p-value = 0.0043).  
 
 Ground Canopy Combined 
Species CR 
# of 
captures CR 
# of 
captures CR 
# of 
captures 
Rattus rattus wroughtoni 2.887 76 0.826 14 2.061 90 
Platacanthomys lasiurus 0.748 19 8.099 138 3.595 157 
Cremnomys blanfordi 0.213 6  - 0 0.137 6 
Funambulus  tristriatus - 0 0.33 6 0.137 6 
Suncus montanus 0.213 6  - 0 0.137 6 
Mus Sp 0.106 3 0.165 3 0.137 6 
Total captures 110   161   271 
Trap nights 2632   1734   4366 
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The density of SPD increased nine times when combined trapping was considered over 
standalone terrestrial grids. 6% of traps on the ground compared to 34 % above ground had 
SPD captures further underscoring the importance of canopy access in detecting and studying 
canopy dwelling animals (Fig 2.5).  
 
Fig 2.5: Density estimates of rodents per hectare for standalone terrestrial and canopy 
trapping 
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Effect of bait 
 
Fig2.6: Number of individuals of each species captured using two different baits 
 
The coconut + Myristica seed bait was effective with the SPD as all captures reported were 
from the said bait combination only (Fig 2.6). This underscores the importance of knowing 
the natural history of the species for maximizing trapping success. For all other species 
coconut was effective and presence of Myristica seeds was not necessary.  
The methods that are described here are inexpensive and easy to deploy in remote areas and 
the only logistic difficulty being the transportation of traps.  This method allows for placing 
of traps at various heights and also the heights at which traps can be deployed (<25m) are 
also much higher than those reported by Malcolm (1991); Lambert (2005). Also, similar to 
Lambert (2005), there is no limitation on the size of trees in which traps can be placed.  
One possible disadvantage of this method is that it is energy intensive to access the canopy 
multiple times a day for servicing all the traps in the grid. Another being that branches almost 
parallel to the ground were required for proper trap and bait placement as angled branches 
caused the bait to fall out and the traps accidently closed.  
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Conclusion 
The chapter emphasizes the importance of canopy-based sampling in studying avian and 
small mammal ecology. For birds, it has also allowed one to observe habitat preferences and 
activity patterns which would not have been possible from the ground. Though canopy 
platforms are constrictive and do not allow movement and the ability to follow birds for 
detailed behavioral observations, they are inexpensive to construct and install (Walther 
2003). Also setting up of a series of such platforms within and across habitats helps in getting 
replicates and gives us a wider spatial coverage. We hope that such methods will gain 
popularity with availability of various access techniques, and our knowledge of the ecology 
and conservation of forest bird communities will be enhanced. 
 
For small mammals, we did not find evidence of a distinct arboreal mammalian fauna at the 
study site. But we did capture two species predominately in the canopy including the SDM 
which had not been captured at all by a previous study at the same site that used terrestrial 
trapping and generic bait (Mudappa et al., 2001). Although canopy trapping involves more 
effort and cost than terrestrial sampling, we recommend that canopy trapping be employed in 
any initial survey of a complex multi-layered habitat to assess the faunal assemblage before a 
standardized protocol is deployed for intensive sampling.  
Ability to access the canopy and systematically sample in both terrestrial and arboreal 
habitats simultaneously is critical for studying inconspicuous, hard-to-detect species and to 
obtain better estimates of such species in multi-layered forest ecosystems. 
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Chapter 3: Habitat use and vertical organization of a wet 
evergreen forest bird community across a disturbance 
gradient 
 
Introduction 
Tropical secondary forests make up one-sixth of all primary forests that were clear-cut during 
the 1990s (Wright 2005), and are most likely to be a dominant feature in tropical landscapes 
of the future (Wright and Muller-Landau 2006).  This expansion of degraded and abandoned 
lands in deforested landscapes may have important implications for the long-term 
conservation of tropical forest wildlife (Daily 2001; Lindenmayer and Franklin 2002; Wright 
and Muller- Landau, 2006). The values of areas of native regeneration and secondary growth 
are poorly understood, and our current knowledge base fails to predict whether these habitats 
will help conserve tropical forest species in the future (Brook et al., 2006; Gardner et al., 
2007). Birds are one of the best known faunal groups in the tropics (e.g. Stotz et al., 1996; 
Hill and Hamer, 2004) and the canopies are the most dominant feature of these landscapes. 
Yet canopy-based studies of birds are few and scattered, being mainly confined to the neo-
tropics.  
Birds are an important component of the canopy habitat and many species depend on it for 
their survival. The analysis of patterns of vertical stratification and canopy utilization by birds 
has been limited by difficulties associated with studying the top layers of the forests, and this 
has been the case for other groups of organisms too; e.g. ants (Tobin 1995), lizards (Reagan 
1995) and bats (Kalko and Handley 2001). Limitations faced by canopy studies so far have 
been difficulty in access and problems of insufficient replication (Barker and Sutton 1997; 
Bongers 2001) and ground-based studies also lead to inaccurate generalizations and bias in 
the estimates of richness and abundance. Little work has been done on canopies in India with 
most of the work restricted to the Western Ghats (Devy 1999; Devy and Davidar 2003; 
Ganesh and Devy 2000) 
The vertical organization of the avian community with respect to the vegetation and habitat is 
essential to understanding terrestrial bird assemblages.  Various factors combine to shape bird 
communities like resource availability, vegetation structure and abiotic factors like 
temperature, light and precipitation (Cody 1985; Wiens 1989).  The influence of forest height 
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on vertical structuring of bird communities in temperate and tropical forests has been studied 
intensively (Orians 1969;Terborgh and Weske 1969; Pearson 1971;Smith 1973; Cody 1974, 
Anderson et al., 1979; Terborgh 1980; Greenberg 1981; Bell 1982; Cody 1985; Marra and 
Remesen 1997 and Walther 2002a). The structure of vegetation and its density change with 
respect to height of the forest (Pearson 1971; Terborgh 1980 and Richards 1996). Densities of 
foliage are highest in the canopies and the understorey with the mid-storey having more open 
spaces (Terborgh and Weske 1969; Pearson 1971; Terborgh 1980; Bell 1982 and Pearson 
1975). Forest height leads to change in various variables such as evaporation, temperature 
and wind (Longman and Jenkins 1974; Richards 1996) ambient light (Endler 1993), foliage 
density and resources (references in Pearson’s 1971). The above mentioned factors shape 
many forest communities and species are specific to strata as they are adapted to 
environmental conditions of the strata they inhabit.  
Species being adapted to particular foraging techniques have consequently led to varying 
breadths in foraging strata. The vertical distribution of foraging substrates may also cause 
species to have different stratum breadths (Walther 2002b) while the distribution of resources 
can lead to specialization and narrow foraging strata according to resource abundance (Marra 
and Remsen 1997). 
Forest disturbance such as selection-felling and shade tree plantations can generally result in 
change in stand structure with removal or decrease in mature old-growth tree species. Hence, 
the available habitat for birds is also reduced and may result in restructuring and even 
possible extinction of habitat specialists. The relationship between the degree of habitat 
alteration and change in bird communities is still not precisely known. The hypotheses that 
“habitat structure influences the structure of the bird community of the area” and ”with 
decrease in habitat complexity there is a simplification of community structure of birds” 
are explored here. 
This chapter focuses on understanding the differences in bird community structure between 
habitats in relation to habitat structure including use of vertical strata by employing canopy 
sampling in conjunction with terrestrial sampling.  More specifically it asks 
1. How is vertical stratification effected by change in habitat structure? 
2. What is the effect on guilds and foraging modes across the habitat matrix? 
3. Do secondary habitats have value in conserving avifauna? 
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Methods 
 
Study area 
The study was carried out in the mid-elevation evergreen forests around Kakachi and Upper 
Kodayar in the Kalakad-Mundanthurai Tiger Reserve (KMTR) (77° 15' to 77° 30’ N, 8° 16’ 
to 8° 40’E) in the Agasthyamalai range of the southern Western ghats, India.  The area is 
home to several endemic, rare and threatened species of plants and animals (Ramesh et al.,. 
1997).The study site at Kakachi-Kodayar area is located on the saddle of a hill range running 
north-south. It forms a gentle undulating plateau with stands of undisturbed wet evergreen 
forest. Part of this area is under tea and Eucalyptus plantation. The average altitude of the 
plateau is 1200m. Annual total rainfall averages about 3500 mm and is well distributed 
throughout the year with a great proportion falling during the north east monsoon between 
October and December.  
During 1972, the forests of the Kakachi were opened for plantation activity and for income 
generation from timber extraction. Part of the forests were selectively felled to raise 
cardamom and to supply timber for the match industry. The canopy was opened up by 
removing large trees such as Cullenia exarillata, Palaquium ellipticum, Myristica dactyloides 
and Callophyllum austroindicum. In addition, valuable mid-canopy species were also 
illegally logged. Some parts of the forests were clear-felled to raise tea, coffee and eucalyptus 
plantations but were abandoned without being planted. Also, the areas around upper Kodayar 
were clear cut for the construction of a dam across the Kodayar river (Ganesan 2001). The 
Kakachi-Kodayar plateau is hence a complex habitat matrix consisting of unlogged forests 
with an average canopy height of about 30 meters interspersed with areas of selection-logged 
and clear-felled regenerating areas and is ideal for the our study. The terms primary and 
unlogged are used interchangeably and refer to the undisturbed forest stands.  
Avifaunal sampling  
Six semi-permanent canopy sampling platforms were established in each of the 3 habitat 
types (unlogged, selection-felled and clear-felled). To maintain spatial independence, no two 
stations were closer than 1km.  Point counts were carried out from these platforms as well as 
from five stations on the ground, one directly below the platform and one in each of the four 
cardinal directions from the platform with spacing of 100m between each point.  Timed point 
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counts were carried out from 0630 hrs to 1800 hrs at each station (platform and 5 ground 
points) for two days in a sampling session. Each sampling session lasted 36 days and was 
spread across the dry months of December to May. This data was collected for seven such 
sessions from March 2006 to February 2009. All bird registrations (sighting and calls) were 
recorded during point counts.  Number of individuals, distance from the observer (ocular 
estimates), height (using preexisting height markers, behavior (presence of flocks, breeding 
behavior), foraging tactic (sallying, gleaning, feeding etc.), light habitat and position were 
also noted. All over-flying birds and uncertain identifications were removed from the 
analysis. To maintain independence between points (and to avoid any potential double 
counting) all detections >50 m from the observer were excluded from the analysis.  For 
vertical stratification absolute height was used as it could be accurately ascertained as the 
platform height and tree heights in the sample locations were known.    
Habitat structure  
I measured all standing trees ≥ 10 cm DBH cm and enumerated ≤10 cm (up to 2 cm) DBH 
saplings in 10, 10 × 10 m plots established at each of the 18 canopy platform locations. We 
only recorded trees with more than half of their stem within each plot. The canopy cover was 
calculated using digital photographs taken at waist height, avoiding obstruction of obvious 
understorey vegetation. Results are analysed using Gap Light Analyzer v. 2.0 (Frazer et al., 
1999).  
I obtained data on the vertical distribution of vegetation density at the study site. Using SRT 
and descending on a rope, I passed a 1 m stick in a horizontal circle at 1 m intervals from the 
top of the canopy to the ground. At each height, the number of leaves touching the stick was 
counted. In each habitat, the platform tree and a tree in each cardinal direction within a radius 
of 30 m from the platform tree were used for the above measurements.  A total of 90 descents 
were made with 30 in each habitat and data from all descents within a habitat was averaged. 
(Fig: 3)  
Analysis 
Most census techniques do not sample animal populations perfectly (Mackenzie et al., 2002), 
and all references to abundance in this chapter refer to relative abundance derived from our 
sampling techniques instead of the ‘‘true’’ abundance, which is unknown. Point counts in 
tropical forests are more effective in sampling avifauna in mature forest (Blake and Loiselle 
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2001). For indications of bird-sampling completeness and estimated species richness, 
Coleman curves  were compared with estimators Chao2, ICE, and MMMean (Chao 1987; 
Raaijmakers 1987; Lee and Chao 1994), which are considered optimal estimators for tropical 
birds (Walther and Martin 2001; Herzog et al., 2002; Matlock et al., 2002). Patterns of 
species richness between different forest types were compared using sample-based 
rarefaction curves constructed using the analytical formulae implemented in estimateR 
(Oksanen.J et al., 2009). 
 Location and dispersion of frequency distributions can be calculated in a number of ways 
(Sokal and Rohlf 1995; Zar 1996), but the most widely used statistics are the mean and 
standard deviation (Fowler and Cohen 1986). We used those statistics because they were also 
used in a previous analysis of the relationship between the mean and the standard deviation of 
foraging height (Terborgh 1980; Walther 2002b).  A weighted least-squares regression was 
used to ﬁt a parabolic model (y = b2 x
2+ b1 x
1 +b0) to the  data,  using  the  program R (R 
Team 2011)  which allows a direct  graphical  depiction  of  the  relationship,  and  it may 
have ecological relevance. 
 All community structure analyses were undertaken using square-root transformed abundance 
data to reduce the influence of the most dominant species and site-standardized to account for 
differences in total abundance.  Ordination analyses were implemented in R (Oksanen.J et al., 
2009) using De-trended Correspondence Analysis on individual sites to see if there was any 
distinct grouping.  Species were assigned to foraging and dietary guilds following Ali and 
Ripley (1981) supplemented by field observations. 
 
Results 
 
Bird sampling completeness and comparative bird species richness  
A total of 2578 detections of 59 species were made over 1464 hrs of point count observations 
from the canopy and understorey samples combined. Sampling completeness was estimated 
at 85-91% (CF), 82-88% (SF) and 72-76% (PF) (Table 3.1).  Overall species richness in 
selection-felled areas (50) was higher than the clear-felled (46) and unlogged (40) forest areas 
but the difference was not significant (χ2 = 5.39, df=2, P= 0.07) (Fig 3.1) 
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The estimated species-richness values were taken as relative bird species-richness between 
sites, rather than absolute values, because the protocols were standardized across sites. 
 
 
Fig 3.1: Coleman curves for bird sampling in the 3 habitat types 
Table 3.1  Estimated bird species richness for the three forest types: Clear-felled (CF), 
Selection-felled (SF) and Unlogged (PF). Values are means ± SD 
Forest Type 
Coleman 
rarefaction Chao 2 ICE MMmeans 
CF 51.9 ± 1.8 54.2 ± 1.3 59.2 ± 1.3 61.3 
SF 59.0 ± 1.6 62.7 ± 3.1 67.3 ± 1.9 68.3 
PF 56.6 ± 1.2 57.1 ± 1.9 71.1 ± 2.9 67.3 
 
Habitat Structure 
Vegetation: The tree DBH distribution differed between forest types (χ2 = 69.29, df - 8, P < 
0.001; Fig 3.2).  
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Fig: 3.2 Distribution of tree diameter at breast height (DBH) of unlogged, selectively 
logged and clear-cut forests in Kakachi and Kodayar (n= 174) 
Table 3.2 Stem density in unlogged and selectively logged and clear-felled sites 
     ( F= One-way ANOVA) 
 
 
Clear felled Selection-felled Unlogged       
Mean ± SD Mean ± SD Mean ± SD Statistic df P 
Stem density/plot 
(>10 cm DBH) 11.42 ± 5.8 10.18 ± 1.27 8.21 ± .034 F= 1.44 174 Ns 
Stem density/plot 
(<10 cm DBH)  12.96 ± 1.89 10.79 ± 2.54 7.77 ± 1.94 F = 33.34 174  < 0.001 
% Canopy cover 87.42 ± 6.53 90.07 ± 4.69 92.75 ± 1.49 F= 10.29 174  < 0.001 
 
The height class distribution of trees <10m and >10m differed significantly among the forest 
types with the unlogged and the selection-felled areas having higher density per hectare of 
tall trees and clear-felled areas had greater density of shorter trees.(Table 3.2). Percentage 
canopy cover was also significantly different across the habitats. 
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Fig: 3.3  Forest height versus vegetation density, ie. the mean number of leaves (Data points 
were smoothed by averaging over a symmetrical 3 m interval. The thin line indicates mean 
folige density in unlogged forest which was 6.51± 3.35 (mean ± SD)).  
 
Vertical stratification 
We restricted the analysis to species that were observed in all habitats and with at least five 
detections in each (a total of 1122 observations of 31 species). These species with exception 
to cryptic and nocturnal species can be considered the most abundant species in our study 
area. 
For the measure of foraging height, the standard deviation is a parabolic function of the 
mean, with the maximum point close to the middle of the range of absolute height for all the 
habitats (Fig 3.4 a, b and c).  
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a) Clear-felled: y = -0.015x2 + 0.670x + 0.054 , r2= 0.80, F=57.72, df=(2,31), p<0.0001 
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b) Selection-felled: y=-0.30x2-0.90x-0.02, r2=0.68, F=30.53, df= (2, 31), p<0.0001 
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c) Unlogged: y= -0.15x2+0.97x-0.02, r2= 0.74, F=41.28, df=(2,31), p<0.0001 
Fig 3.4 Plots of the mean versus the standard deviation of absolute height for 31 tropical 
forest bird species. Species with n ≥ 5 observations depicted with squares (clear-felled), 
circles (selection-felled) and astrics (unlogged). All weighted least-squares regression 
models ﬁts were signiﬁcant at the P > 0.0001 level.  
In the unlogged and selection-felled areas, foliage density was highest in the understory and 
in the canopy and lowest in the midstorey. The clear-felled areas have high vegetation density 
till a height of about 8m due to the luxuriant re-growth and very low density till the canopy 
level (Fig:3). 
Consequently, vegetation density at the mean absolute height of each species is negatively 
correlated with the standard deviation of the species’ absolute foraging height for all the 
habitats (Fig 3.5 a,b and c) meaning that species in dense vegetation have narrower foraging 
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strata across all habitats. In the clear-felled areas and selection- felled areas, there is stronger 
negative relationship as compared to the unlogged habitats as the  species in secondary 
habitats have a broader foraging breadth and are not confined to narrow foraging niches as in 
the unlogged forest.  
 
a) Clearfelled:y= -1.22x +13.53, r2= 0.77, F=105, df=(1,31), p<0.0001 
 
b) Selection-felled: y=-1.22x +12.49, r2=0.79, F=120.63, df= (1, 31), p<0.000 
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c) Unlogged: y= -0.67x+9.27, r2= 0.42, F=22.6, df=(1,31), p<0.0001 
 
Fig: 3.5 Plot of vegetation density (mean number of leaves) versus the standard deviation of 
absolute height for 31 bird species (model I linear regression)  
 
Guilds 
An analysis of vertical distribution of species in the four guilds (carnivores, insectivores, 
frugivores and nectarivores) showed that that the diversity of foraging guilds was also much 
higher in the canopy as compared to the mid-storey and under-storey  for the selection-felled 
and unlogged areas (Fig 3.6). In the clear-felled areas, due to the virtual absence of a well-
defined canopy, guild membership was greatly reduced and comparable across the vertical 
strata.  
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Fig 3.6 Species richness of 4 guilds in vertical space across the three habitats 
 
The understory and mid-storey predominately comprised Insectivorous species in all habitats 
whereas the canopy had all the guilds.  
To tease out the patterns of guild variation the 4 basic guilds were further sub-divided 
according to foraging modes/patterns which revealed that the unlogged forest was dominated 
by habitat specialists, secondary forest harbored both specialists and generalists, while clear-
felled held neither, or very few, habitat specialists. Most foraging and dietary guilds that were 
recorded in sufficient numbers to be tested, exhibited signiﬁcant differences in their 
abundance between habitats (Fig 3.7a, b). 
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Fig 3.7 Changes in the a)abundance of birds and b) species richness (mean+SE) grouped by 
foraging and dietary guilds across habitat. [Guild codes are: IAG – arboreal gleaning 
insectivore; IAS –arboreal sallying insectivore; IBI – bark-searching insectivore (internal); IBE 
– bark-searching insectivore (external); ITG – terrestrial gleaning insectivore; FA – arboreal 
frugivore; NA – arboreal nectarivore; OA – arboreal omnivore; RA – diurnal raptor] 
Signiﬁcance tests were made using Kruskal–Wallis tests, with p-values indicated by * 
=<0.05.] 
For example, arboreal gleaning insectivores were most abundant in the unlogged and the 
selection-felled areas even though the species diversity was similar as the foliage volume in 
these areas is much higher as compared to the clear-felled areas. Arboreal sallying 
insectivores also showed a similar trend. Arboreal omnivores were consistently most 
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abundant in secondary habitat types, terrestrial gleaning insectivores were also more 
abundant in these habitats. Arboreal frugivores were attracted to the clear-felled habitats due 
to the abundance of drupes offers by the secondary vegetation that mainly comprised  
Eleocarpus munroni, Eleocarpus serratus , Persia macarantha etc.  
Differences between habitats  
Bird community structure was different in each of the three habitat types for all data sets, 
with each forest forming a distinct cluster on an MDS plot (ANOSIM global R=0.69, 
p=0.001; and all pair-wise habitat comparisons  were signiﬁcant, p=0.01) (Fig. 3.8). Species 
abundance in unlogged forests proved to be a poor predictor of its abundance in other habitat 
types. Within habitats, community dissimilarity among sites was similar for all habitat types, 
but slightly lower in clear-felled areas. Geographic distance between sites and community 
dissimilarity did not show any significant relationship (Rho= -0.1, p=0.4) 
 
Fig: 3.8  Non-metric multidimensional scaling (MDS) ordinations of the bird community in 
three forest types. Ordination analyses are based on quantitative dissimilarity matrices. 
 
Discussion 
Tropical bird community composition is constrained and determined by habitat structure 
(Terborgh 1985). Bird species richness and community structure is strongly correlated with 
closed canopy and complex habitat structure in regenerating forests (e.g. Bowman et al., 
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1990; Blankespoor 1991; Andrade and Rubio-Torgler 1994; Raman et al., 1998; Dunn 2004). 
There were significant differences in vegetation structure between the forest types sampled; 
the unlogged and the selection felled areas were more similar as compared to the short 
statured clear-felled areas.  It can be postulated that the regeneration in selection felled areas 
had reached a level where the overall differences in vegetative structure as compared to the 
unlogged forest control were not significantly different and, hence, did not exert strong 
differential effects on their associated avifauna.  Also important was the contiguity of our 
selection-felled and clear-felled forest areas; this is considered critical in the re-colonization 
of such forests (Lambert 1992). This proximity increases the chance of vagrants or transient 
birds dispersing through secondary habitats (e.g. Terborgh and Weske, 1969). Some authors 
have proposed that avian re-colonization in such forests requires the presence of a mosaic of 
unlogged and selectively logged forests (Wong 1985; Lambert 1992; Johns 1996) and is 
inversely related to  the distance between them (Wong1985).   
We found that the unlogged forest canopy was species rich as compared to the mid-storey 
and understorey. In the  tall stature  unlogged  forest,  the  vertical development  of canopy 
structure  provides  a diversity of habitat  elements  and microclimatic conditions,  which are  
key  to vertical  canopy  use by birds. This general  relationship  of bird species  diversity  
and  forest  height  diversity  is well known in forest-avian  research  (MacArthur  and  
MacArthur  1961;  Wilson  1974). This study provides evidence that midstorey species of 
tropical wet evergreen forests forage in a broader stratum than either understory or canopy 
species.  This was generally true for the unlogged and selection-felled areas but the clear-
felled areas had a completely different pattern with species expanding their foraging niches in 
these habitats. Dead leaf gleaning insectivores such as Siberian Blue Robin (Luscinia 
cyane),Orange Headed Thrush (Zoothera citrine) that are restricted to the forest floor in the 
unlogged areas were also seen to be foraging at heights of 3-7 m in the short statured clear-
felled areas. The observed results may not hold true for rare species as they were excluded 
from the analysis and phylogentic relatedness was not taken into account. It remains to be 
investigated if rare and other open-forest species have an influence on the foraging niches of 
the core avifauna in the clear-felled and selection-felled areas through competition.  
Studies have shown that relative height is a better measure of stratification in the absence of 
accurate height measurements and variability of forest height (Terborgh 1980; Walther 
2002b). Since the sampling was carried out from the canopy, the height of the platforms was 
known and all detection heights were measured accurately. Stratification was not measured as 
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stratum which is a crude measure as it is a categorical variable.  The relationship between the 
mean and the range for absolute height for Peruvian and New Guinean birds had the same 
overall shape (see Walther 2002b for details). And as in Walther 2002b, the observed 
relationships would have been impossible to infer without access to the canopy for detailed 
observations. 
 Many canopy species are usually invisible from the ground especially in continuous canopy 
forests. The use of the platforms in conjunction with traditional ground based sampling was 
used to circumvent this problem (Walther 2003; Anderson 2009). The advantages of canopy 
sampling cannot eliminate the problem of pseudo-replication especially for territorial species 
(Munn 1985). To minimize this, a total of 18 platforms were setup across the three habitats to 
ensure adequate replication and spatial coverage. 
Variation in diurnal and seasonal height of foraging has been reported in Pearson 1971, 1977; 
Bell 1982. The reasons for and the mechanisms that explain the observed parabolic 
relationships are discussed in Walther 2002b. With the change in structure of the habitat, it 
seems that species that specialize as understorey and canopy dwellers broaden their foraging 
niche. But not all species can show such niche plasticity and are forced out of the avian 
assemblages in areas of disturbance.  Understorey babblers (Rhopocichla atriceps, 
Pellorneum ruficeps) and laughingthrushes (Trochalopteron fairbanki , Garrulax delesserti) 
use the dense band of vegetation found near the ground, which is difficult for sallying 
flycatchers such as Culicicapa ceylonensis and Eumyias albicaudatus which are found in the 
lower midstorey and above. Similarly, woodpeckers (Picidae) and nuthatches (Sittidae) as 
well as leaf-gleaning warblers (genus: Phylloscopus), tits (Paridae) and babblers (genus 
Alcippe) are found throughout the mid-storey and extend into the understorey and canopy. 
The foraging breaths for each species are hence a result of requirements that are found in a 
narrow band for understorey and canopy species but in much broader strata for midstorey 
dwellers (Walther 2002b). 
Guild Compression 
The guild composition of the unlogged forest canopy was more diverse with an abundance of 
frugivores and nectarivores.  Most bird species were confined to specific vertical foraging 
niches, especially understorey and canopy birds which forage in narrower vertical niches than 
mid-storey birds (Walther 2002b). The Black Bulbul (Hypsipetes ganeesa), Yellow-browed 
Bulbul (Iole indica), Oriental White-eye (Zosterops palpebrosus) and the Brown-cheeked 
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Fulvetta (Alcippe poioicephala) were some of the species that utilized vertical strata 
differently across the disturbance gradient. The change in habitat structure affected these 
species negatively as these canopy and mid-storey dwellers may be more susceptible to the 
adverse effects of this change.  The selection-felled habitats may be showing some 
“ecological release” (Kohn 1972) which has led to increased abundance of the insectivorous 
guild with increased richness and abundance seen in arboreal gleaning , terrestrial gleaning 
and bark searching insectivores.  In the clear-felled regions, the reduction in diversity and 
abundance of certain guilds could be due to localized extinction. The vertical simplification 
of the habitat could lead to what could be termed as “guild compression” or the loss of certain 
niches due to the drastic change in structure.  
Thirty five years after being felled, the clear-felled areas we examined clearly failed to 
compensate for the loss of primary habitats and the habitat specialists they contain. The older 
areas of secondary forest may be more species rich (Dunn, 2004) and hold a much higher 
proportion of primary forest species (e.g. Sodhi et al., 2005). Even if forests are left free of 
disturbance, the post-disturbance recovery of bird communities is non-linear and slows after 
around 25 years, and regaining the complex microhabitats and structures required by primary 
forest specialists is likely to take centuries rather than decades (Raman et al., 1998). 
Conclusion  
Avian compositional characteristics were generally comparable for unlogged tropical wet 
evergreen forests and selectively logged forests, which possibly indicates advanced stages of 
forest regeneration. Our observation of generally undiminished bird diversity and greater 
abundance in the selection felled areas is an encouraging indication of the potential role of 
such forests in tropical-forest bird conservation. However, clear-felling had adverse impacts 
and showed reduction of rare rainforest specialist species because the forest canopy was 
opened by logging. This resulted in gaps and changes to the vegetation structure, which were 
maintained by wind penetration and sustained harvest of small boles for fuel-wood and 
building material by the local people and elephant activity. The mid-storey dwellers were the 
worst effected and also led to their expatriation from these areas. These areas were used by 
frugivorous species because of an abundance of secondary species with drupaceous fruits and 
may be of seasonal importance to some frugivore species. 
A complex habitat matrix does have a potential role in biodiversity conservation as they may 
act as refugia; a seasonal resource; help offset species loss and may also provide landscape 
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connectivity. But the current conservation efforts should concentrate primarily on the 
preservation of standing unlogged forests for that’s where the bulk of unique biodiversity lies.  
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Chapter 4: Habitat use and vertical organization of a rain 
forest small mammal community across a disturbance 
gradient 
 
Introduction 
 
Complex habitats like tropical rainforests have well developed vertical strata of which the 
upper strata, also called the forest canopies are occupied by wholly arboreal organisms not 
occurring on the ground (Lowman and Wittman 1996), whereas simpler habitats with fewer 
vertical strata do not support such organisms (August 1983).The relationship between habitat 
structure and composition of faunal communities has been an important question in ecology, 
with many studies, including ones on small mammals attempting to determine relationships 
between diversity and habitat complexity (August 1983). Complexity of habitat describes the 
development of vertical strata within the habitat. Forest canopies have been poorly studied in 
this regard and only recently have biologists become more aware of the importance of 
sampling the upper forest layers (Lowman and Moffett 1993). 
Segregation of small mammal communities along the vertical dimension may reduce 
interspecific competition by resource partitioning (Cunha and Vieira 2002). Vertical 
stratification of mammal fauna is common in tropical rainforests, with some obligate canopy 
users and others found as temporary visitors. Vertical stratification and three-dimensional use 
of  habitat  by small  mammals has  been  reported  by  several  authors  (August  
1983,August and Fleming 1984, Malcolm 1991, 1995; McClearn et al., 1994, Meserve 1977, 
Stallings 1989). The high diversity of neotropical forests leads to many species coexisting 
with similar body size and morphological characteristics where resource partitioning leads to 
vertical segregation.  In central Africa, most canopy-dwelling species were encountered 
frequently in the understory also and small mammal species composition and abundance in 
the understory was quite similar to that in the canopy (Malcolm and Ray 2000). Numerous 
authors have indicated that the year-round availability of diverse food resources in rainforests 
makes the third dimension available as a viable habitat (e.g., August 1983; Emmons et al., 
1995; Bakker and Kelt 2000).  
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Given the important roles these animals play in tropical systems as seed predators (Adler 
1995, Asquith et al., 1997, Hoch and Adler 1997, Terborgh et al., 2001) and dispersers of 
seed and mycorrhizal fungal spores (Adler and Kestell 1998, Mangan and Alder 2000), they 
can greatly affect forest regeneration (Asquith et al., 1997, Struhsaker 1997, Terborgh et al., 
2001) and are also an important prey item for small carnivores and raptors (Emmons 1987) 
A variety of techniques are being used to study the ecology of small mammals like 
observational  studies,  spotlighting,  trapping,  radio  telemetry,  and  interviewing  of  local 
peoples. But arboreal and scansorial mammals are frequently ignored as they are rarely 
trapped on the ground and canopy trapping is logistically difficult. This paucity of studies is 
also accompanied by a poor understanding of the effectiveness of different sampling methods 
for small mammal fauna in tropical forests (See Chapter 2). Canopy utilization and analysis 
of patterns of vertical stratiﬁcation by small mammals has also been limited by difficulties 
associated with studying the top layers of the forests, as is the case for other groups of 
organisms, e.g. ants (Tobin 1995), lizards (Reagan 1995) and birds (Munn and Loiselle 1995) 
with ground based perceptions leading to  biased estimates of richness and abundance and 
inaccurate  generalizations.( See Chapter 2) 
 Habitat use, diets, body-size, behavior, degree of arboreality and trap type influence the 
success of these studies and as a result, no single method can be deemed effective in 
sampling all species in a given area. (Voss and Emmons 1996). Determining which species 
use the canopy and to what extent they do so is therefore important when making predictions 
or assumptions about community structure of any tropical mammal assemblage (Kays and 
Allison 2001) 
The Western Ghats is one of the biodiversity hotspots (Myers et al., 2000), however despite 
the many studies in this area, gaps still exist in our knowledge of the mammals of this region. 
Particularly, small mammals in the order Rodentia is represented by only a handful of studies 
(Chandrasekar-Rao  and Sunquist  1996 ,Shanker 1998, Prabhakar 1998). Large scale 
conversion for agriculture, plantations and logging has reduced the once extensive moist 
forests of the Western Ghats to small isolated patches (Green and Minkowski 1977, Kumar 
1987, Puri et al., 1983). These patches are mostly restricted to the protected areas especially 
in the southern Western Ghats.  
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Edge effects and logging can shift small mammal biomass toward the ground as the forest 
canopy is opened (Struhsaker 1997; Malcolm  1997;  Malcolm  and  Ray  2000),  presumably  
because  of  more  frequent  near-ground movements by canopy-specializing species and 
increased abundances of understory-specializing and terrestrial species. As the intensity of 
such disturbances increases, the remaining patches of high-stature forest will become 
increasingly isolated from each other, with the net effect that canopy-loving species may 
disappear from these forests. The hypotheses “habitat structure influences the structure of 
the small mammal community of the area” and “with decrease in habitat complexity there 
is a simplification of community structure of small mammals” are explored here. 
In this chapter, we focus on 1) The species composition and relative abundance of the small-
mammal community across the vertical strata in a complex wet evergreen forest of Western 
Ghats and 2) how does the community respond to simplification of habitats due to 
anthropogenic disturbances. 
Methods 
Small mammals were surveyed in Kakachi and Kodayar within KMTR. This is a complex 
habitat matrix which contains unlogged wet evergreen forests, selection felled stands as well 
as clear-felled regenerating stands in an altitudinal range between 1250 and 1350 m asl. The 
terms primary and unlogged are used interchangeably and refer to the undisturbed forest 
stands.  Live-trapping was carried out for small mammals using standard Sherman traps (9 × 
9 × 21 cm, Panwar Hichrome Plating and Engg. Works, Jodhpur). This data was collected in 
seven sampling cycles from December 2006 to May 2009 over three seasons. The seasons 
were defined as follows: Summer- April-May, pre-Monsoon-September, Winter-December-
January.  A permanent trapping grid was established in each of the three habitat types with 
nine trap lines each. Traps were placed 20 m apart with seven traps in each line. The line 
spacing was 10 m. This formed a grid of dimensions 120*80 m for a total of 63 trapping 
stations (area = 0.96 ha). In addition to the terrestrial grid, an arboreal trap line was setup 
within each of these grids. This consisted of traps set at 4 different heights for a total of 40 
trapping stations (fig.1).  A total of 104 traps were operated  for a sampling period of 5 days 
in each grid.  Grated coconut and Myristica seeds were used as bait. Myristica seeds were 
used as they were found abundantly during the trapping schedule in all the trapping locations 
and our earlier pilot survey showed that  Platacanthomys lasiurus was partial to only this bait 
type. Traps were checked every morning and re-baited whenever necessary. Fresh traps were 
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put in place of traps with captures. Trapped animals were measured using standard tape 
measure, weighted using Pisola 250 g spring balance, marked using nontoxic ink and 
released. 
 
 
Fig: 4.1 Schematic representation of the trapping grid 
Ten habitat variables were measured within 5 m radius centered on each terrestrial trap 
location. These were :  altitude  (altimeter),  average canopy  height (clinometer or visual 
estimation), canopy cover (calculated using digital photographs taken at waist height, 
avoiding obstruction of obvious understorey vegetation and  analyzed using Gap Light 
Analyzer v. 2.0 (Frazer et al., 1999),  height  of  shrubs  (stems  < 10 cm  girth  at breast  
height),  litter depth (average  of  four  measurements  taken  around  the  trap  using 
calibrated  probe),  and  basal  area  of  trees  > 30 cm  girth, densities  of  shrubs  (within  2 
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m  radius in the immediate vicinity of the trap), presence of buttresses and canes, and distance 
to the nearest large tree from the trap (measured  with  a  tape  to  a  tree  > 60 cm  girth)  
were  also recorded. Trap height was recorded for all arboreal traps. 
Analysis 
Abundance   measures   calculated   were   capture   rate (number of individuals per 100  trap-
nights),  and  density (minimum   number   alive,   MNA/ha)[ MNA (also called the calendar 
count or enumeration)] is an estimate based on the sum of all individuals known to be alive 
during a particular capture (trapping) session. An individual is known to be alive during a 
given capture session if it was captured during that session. Traps   that   were sprung  
without  captures,  stolen  or  knocked  over  by  wild animals  were  excluded  from  the  
total  trap-night  effort.  
Three indices of community structure were used to characterize the small mammal 
population. Species richness, the Shannon-Wiener diversity index (H`) based on information 
theory ( Pielou 1975) and given by H` = ∑Pi ln Pi where Pi is the proportion of the total 
individuals belonging to the ith species in the sample; and Pielou’s index of evenness ( Pielou 
1975), J` = H`/lnS where H` is the Shannon-Wiener diversity index and S is species richness . 
We performed a three-factor analysis of variance to analyze the effects of site, vertical 
stratum and taxonomic group on overall capture probability, where the dependent variable 
was the total number of captures in each trap station. For this analysis the original data was 
log-transformed after adding 0.1 to remove zeros from the dataset (Zar 1996). 
 
Results 
Habitat characteristics  
The three sites had different habitat profiles with Canopy height, Basal area and Buttress 
density being greatest in the unlogged habitat followed by Selection-felled and Clear-felled 
areas. Canopy cover, shrub height, shrub density were also greater in unlogged grid than 
clear-felled and selection-felled areas. Cane densities were greatest in the selection-felled grid 
which could be due to clearing of the understorey in the past. Litter depth did not show any 
significant differences across the three habitats. Between the Unlogged and Selection felled 
habitats, canopy height, shrub density, basal area and cane density were significantly 
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different(P<0.05 for pairwise t-test, n=126 , df=1) and for Unlogged and Clear-felled 
habitats, canopy height, basal area, cane density, buttress density and distance to largest tree 
were different ((P<0.05 for pairwise t-test, n=126 , df=1) 
Table 4.1 Mean(SD) values for the habitat variables for across the three habitat types in 
KMTR, Tamil Nadu , India( F= One way ANOVA, n=189). 
Variable Unlogged Selection-felled Clear-felled F ratio Df P 
Canopy height(m) 31.04(1.99) 26.87(2.0) 19.38(2.28) 502.62 2 <0.0001 
Canopy cover(%) 96.96(1.70) 95.311(1.21) 95.42(2.32) 16.68 2 <0.0001 
Shrub height(m) 2.33(0.10) 2.10(0.16) 2.23(0.19) 35.38 2 <0.0001 
Shrub density(#/plot) 13.53(2.41) 10.82(1.37) 12.03(2.31) 26.86 2 <0.0001 
Litter depth(cm) 2.29(0.12) 2.26(0.34) 2.18(0.45) 1.86 2 0.31 
Basal area(m3h-1) 119.39(7.01) 114.04(4.59) 95.90(5.04) 273.09 2 <0.0001 
Cane density(#/plot) 1.90(1.03) 2.20(0.83) 1.38(0.71) 14.74 2 <0.0001 
Buttress density(#/plot) 1.11(0.72) 1.11(0.79) 0.41(0.53) 21.72 2 <0.0001 
Distance to large tree(m) 1.49(0.45) 1.61(0.65) 2.65(0.65) 72.55 2   <0.0001 
  
Trapping 
A total of 10,793 trap nights of sampling was carried out of which 6562 and 4235 were on 
ground and in the canopy respectively. The overall trapping success was 4.47 % across the 
study period, though trapping success varied greatly, between sites and across seasons ( Fig 
4.2). Trapping in the summer was most successful followed by winter and the pre-monsoon 
across habitats and across years. Trapping success was also different for the different strata.      
(see Chapter 2) 
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Fig 4.2 Seasonal variation in trapping success for each of the three habitat types in KMTR, 
Tamil Nadu, India.  
Community composition 
Seven species of small mammals were encountered during the sampling. The indices of the 
small mammal community varied between the sites (Table 4.2). Species richness varied 
significantly between unlogged and selection-felled as well as unlogged and clear-felled 
habitats (P<0.05 for pairwise t-tests, n=7,df=1)).   Overall species richness and diversity and 
evenness estimates were highest in the unlogged habitat followed by the selection-felled 
areas. The clear-felled habitat had the lowest diversity and species richness and significantly 
differed from the unlogged habitat (P<0.05 for pairwise t-test, n=7, df=1). 
Table 4.2 Mean indices of small mammal community structure across a habitat gradient in 
KMTR, Tamil Nadu, India. 
Index  Unlogged  
Selection-
felled   Clear-felled 
Shannon-Wiener index of diversity H` 1.502 1.145 0.9736 
Pielou's index of evenness J` 0.8383 0.7116 0.7023 
Species richness 6 5 4 
 
Platacanthomys lasiurus Blyth, the most common species was captured in all habitats (Table 
4.3) with highest densities in the clear-felled areas. Rattus rattus wroughtoni Hinton, was the 
most abundant terrestrial murid rodent which was also captured across all habitats but 
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attained highest densities in the unlogged forest. It was also the second most common 
species.  
Cremnomys blanfordi Thomas was captured only in clear-felled and selection felled areas and 
was found in low densities only in the summer and winter seasons. A species of Mus was also 
captured in low densities only in the unlogged forest.  
One insectivore, Suncus montanus Kelaart was encountered in unlogged habitat only and at 
very low densities.  
Two species of sciurine squirrels were captured during the study. Funambulus tristiatus 
Waterhouse is the largest species of the genus Funambulus (Ellerman 1961) and was 
captured across all habitats but in low densities in the clear-felled areas. The other species  
Funambulus sublineatus Waterhouse (Ellerman 1961)  was found in the unlogged and 
selection-felled habitats and was most abundant in the latter.  
 
 
Table 4.3 Composition of the small mammal community across a habitat gradient in KMTR, 
Tamil Nadu, India. 
Taxa Average density a (ha-1)(SD) 
 
Unlogged Selection-felled Clear-felled 
Rattus rattus wroughtoni  6.85 (5.01) 3.87 (2.05) 5.35 (2.50) 
Platacanthomys lasiurus 9.23 (3.03) 7.88 (4.11) 9.37 (6.55) 
Cremnomys blanfordi     -- 0.14 (.39) 1.18 (0.93) 
Suncus montanus 2.08 (0)    --     -- 
Funambulus tristriatus  1.18 (1.11) 0.44 (0.55) 0.41 (0.51) 
Funambulus sublineatus 1.63 (1.01) 2.68 (1.18)     -- 
Mus sp 1.78 (0.51)     --     -- 
a 
Based on minimum number known to be alive 
 
Vertical stratification 
A total of 4 species were encountered in the arboreal traps. Platacanthomys lasiurus, F. 
tristriatus and F. Sublineatus were found only in the canopy traps. R. r. wroughtoni was 
trapped in the understory in all habitats and its capture rates were significantly different 
across the vertical strata(Fig 4.3). Although it is an agile climber, it was restricted to the 
understorey and was not captured in traps above 2m. However the multivariate analysis of 
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variance indicates that R.r.wroghtoni is using habitat randomly ( Wilks’ λ=0.85, P<0.05)with 
respect to all available habitats but is partial to a terrestrial habit. 
 
 
Model: Capture rate ~ Habitat + Vertical Strata (Two-way ANOVA) 
                            Df            F value         p  
Habitat                2           1.9521      0.2223272     
Vertical strata    3             28.4772   <0.001 
Residuals               6               
Fig 4.3 Capture rates for Rattus rattus wroughtoni in each strata across the habitat 
P. lasiurus was captured in all habitats predominantly in the midstorey and canopy (Fig4.4). 
Capture rates for this species differed significantly across habitat (P<0.05 for all pairwise t-
tests).   It is an arboreal species and was the only murid rodent to be captured across the 
vertical strata of the forest in all habitats (Fig 4.4). For P.lasiurus, Wilks’ λ=0.96, P<0.05 and 
was numerically dominant and was found to be selective of the canopy strata across all 
habitats.  
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Model: Capture rate ~ Habitat + Vertical strata (Two-way ANOVA) 
                           df       F value      p 
Habitat               2  3.7275    0.08868  
Vertical strata    3  24.7809  <0.001 
Residuals            6   
Fig 4.4 Capture rates for Platacanthomys lasiurus in each strata across the habitat  
For the two species of sciurine squirrels we pooled the data as capture rates were very low. 
F.tristiatus was captured predominately in the canopy across the habitats with no significant 
difference between habitats (Fig 4.5). F.sublinieatus was found mostly in mid-storey in the 
selection-felled and unlogged habitat (Fig 4.6) and was completely absent in the clear-felled 
area. 
 
 
 
 
 
 
 
Fig 4. 5 Capture profile of Funambulus tristriatus 
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Fig 4.6 Capture profile of Funambulus sublineatus 
 
No sites  showed  marked  differences  among  taxonomic  groups  in  relation  to  vertical  
habitat  utilization. Murid rodents were distributed across the vertical strata with the 
terrestrial and the arboreal strata dominated by the R.r. wroughtoni and P. lasiurus 
respectively. A single species of insectivora was found to be terrestrial and restricted to the 
unlogged forest. 
Sciuridae were also found across habitats with preferential strata use. These differences were 
conﬁrmed by the three-factor analysis of variance, which indicated that there were signiﬁcant 
differences in the total number of captures per trap station in relation to taxonomic group but 
not in relation to site or vertical stratum (Table 4.4). However there were also signiﬁcant   
interactions for  taxonomic group (TG) and habitat (H) as well as habitat and vertical strata 
(VS)  and the  three  factors  considered together, indicating that site must have an effect even 
if it cannot be detected in the simple contrasts.  
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Table 4.4  Results of the three way ANOVA examining the effects of TG (muridae, sciuridae, 
insectivora), VS (ground, understorey, midstorey, canopy) Habitat (unlogged, selection-
felled, clear-felled)  
  
Source of variation     df     F ratio p 
TG 2 24.638 <0.001 
Habitat 2 0.933 0.4 
VS 3 0.693 0.56 
TG×Habitat 5 6.579 <0.01 
Habitat×VS 6 9.238 <0.001 
TG × VS 6 1.102 0.39 
TG× VS× Habitat 6 8.365 <0.001 
 
 
Discussion 
 
History and scale of small mammal community  
The results of this study support the idea that, in comparison to clear-felled habitats, unlogged 
as well as selection-felled areas support rich and diverse communities of non-volant small 
mammals in KMTR. Seven species were found to occur in the unlogged forests, a figure that 
is greater than what has been put forward by a previous study carried  out  in  the  same  
region,  even  though  the  latter    employed  higher  trapping efforts  distributed  over a  
larger  area (Kumar et al., 2002). For example, Kumar et al., (2002) encountered 5 species 
over 9613 trap-nights in the Kakachi, despite the obvious disparities in sampling design. A 
possible explanation for the observed differences could  be  formulated  in  terms  of  
variation  in  the  inherent  diversity  between  the  areas considered between the two studies. 
Site variations could lead to differences in species richness and community composition 
(Caley and Schluter 1997 and  Pardini et al., 2005). In the tropical rainforests of Australia, 
Williams et al., (2002) showed that the composition and richness of small mammal 
assemblages was dependent on habitat heterogeneity and complexity at both large and small 
scales. The small mammal communities of the selection-felled and clear-felled areas of 
KMTR may be shaped by similar processes especially  when  considering  the  varying  
intensity  of  past logging  activities  within  the  region (Ganesan 2001). A   study carried out 
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by Wells et al., (2007) in Northern Borneo on a large spatial scale found  a  higher number of 
species in unlogged forest sites, thus lending support to the idea that detecting the effect of 
logging on small mammals may depend on the sampling scale considered (Hill and Hamer 
2004). This study although not in the scale of the previous quoted studies shows that 
unlogged forests do support higher number of species but we must be cautious in interpreting 
results from small scale studies, as local richness may increase in  logged  forest  due  to  
increased  local  habitat  heterogeneity (Bernard et  al.,  2009).  
In addition, as the study areas were contiguous, the  patch-level  variations  in  forest  quality  
within  the  area  (Ewers  et  al.,  2011)  may  not be  sufficient to  cause  segregation  of  the  
different  species  into  small  areas that  are  more  or  less  impacted  by  logging. The 
paucity of the species in the clear felled areas could be explained by the drastic decrease in 
complexity of that habitat. The presence of endemics in the logged habitats may  be  
conditional  on  the  continuity  of  the  logged  forest,  which  could increase  the  likelihood  
of  source-sink  relationships  between  patches  of  differing  quality (Pulliam  1988)  and  
enable  the  persistence  of  these  rarer  species  (Pardini  et  al.,  2005).  In view   of   nearby   
plantations of tea, coffee and cardamom,   it   is   predicted   that   the   fragmentation  of  
these  forests  landscapes  may have had  a  more  pronounced  effect  on  local occurrences 
of small mammals, stressing the importance of maintaining continuous areas in order to not 
radically alter the community structure and composition (Laidlaw 2000; Dunn 2004) 
In general, specialized species of small mammals have been found  to  be  the  first  to  
disappear  following  primary  forest  disturbance  (Turner 1996; Pardini et al., 2005; Wells et 
al., 2007; Puttker et al., 2008), a process that was observed here though in an unexpected 
way. This increased susceptibility has been linked to a reliance on forest features that are 
absent or largely reduced in logged forests (Emmons 1984; Yasuda et al., 2003; Wells et al., 
2004). This was suspected for species such as P. lasiurus, which were thought to be 
dependent on mature unlogged forests with greater liana densities ( Mudappa et al., 2001). 
Our study found that the said species was the most abundant and widely distributed 
irrespective of habitat. The  family  Sciuridae  includes  species  that  are  largely  arboreal,  
and  therefore expected  to  respond  negatively  to  logging,  which can  significantly 
decrease  the  number  of  trees  and  the  connectivity  of  the  canopy. F. tristriatus was 
found to inhabit the unlogged and selection-felled areas and was more abundant as compared 
to the clear-felled habitats. F.sublinieatus was completely absent from the clear-felled areas. 
Johns (1985) has reported that in most  regenerated  logged  habitats,  the presence of even 
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low canopy cover could play an important role in the persistence of these arboreal species 
which could be one of the reasons for encountering P. lasiurus and F. tristriatus in the clear-
felled areas.  
A community approach to studying the response of small mammals to tropical forest logging 
using measures such as species richness, often leads to results concerning the value of logged 
forests that are more readily understood and acknowledged by non-scientist policy makers 
(Watson et al.,  2005; Scott et al., 2007; Mace and Baillie 2007). Investigating the responses 
of individual species to forest disturbance and habitat use should not be overlooked as it can 
help highlight the processes that lead to changes observed at the community level (Hansen et 
al., 2001; Verheyen et al., 2003; Jorgensen, 2004).  The increased overall trapping rates and 
species-specific densities found in this study are in agreement with the view that non-volant 
small mammals respond variably to secondary habitats, including logged  forests. Lambert  et  
al  (2006),  in  the neotropics,   highlighted    increased    abundances  of rodents in areas of  
dense ground and understorey vegetation and low canopy height similar to the clear-felled 
areas sampled in this study. Another possible explanation for high capture rates in clear felled 
forests could be  owing to the typically low canopy and notable low density of high fruiting 
trees in logged forests (Wells et al., 2006). More adaptable arboreal and terrestrial small 
mammal  species  may  be  reduced  to  sharing  similar  food  resources  within  the  lower 
vegetation strata (Malcolm 1997), explaining the higher capture rate in this habitat. 
Conversely, the density of small mammals, and terrestrial Muridae in particular, may be 
constrained in unlogged forests by understorey openness and the presence of large trees 
(Malcolm 1997), which may lead to increased predation risk and competition  respectively  
(Lambert  et  al.,  2005). 
Why so few rodent species? 
Resource partitioning and habitat segregation  among similar species are effective in 
maintaining diversity in many communities (Schoener 1974). Differences in vertical habitat  
utilization  have  been  noted  as  one  of  the mechanisms that could reduce interspeciﬁc 
competition, thus allowing coexistence of a greater number of species (Meserve 1977, Miles 
et al., 1981). R. r. wroughtoni and P. lasiurus, both Murid rodents maybe exhibiting a similar 
phenomenon, as they were found to be specific to vertical strata  with very little overlap 
irrespective of the habitat in spite of differences in size and body weight. Resource 
partitioning among the species, as well as mechanisms allowing for their coexistence, still 
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needs to be better understood. The present study was not designed speciﬁcally to test vertical 
segregation by similar-sized species. The observations in this study as indicated above are 
contrary to  the patterns  of  body  size  similarities  and  vertical  habitat segregation  
described by Charles-Dominique et al.,(1981) for forest didelphids in French Guiana and 
Vieira and Monteiro-Filho (2003) in the small mammal community of the Atlantic forests of 
Brazil. In another example, Emmons (1980) reported that squirrel species in Gabon within 
the same or neighbouring height strata differed in body size from each other. Bakker and Kelt 
(2000) found that, as predicted, bodyweight distributions within strata (terrestrial, scansorial, 
or canopy) tended to be more uniform than among strata.   
Compared to neo-tropical forests and Borneo, the rodent community in the Western Ghats 
India, is species poor (Table 4.4). The relative paucity of species could be due to historic 
factors such as geographic isolation and the absence of groups such as arboreal shrews and 
marsupials.  The unusually low richness in Africa is a reflection of the lack of such studies in 
the region and paucity of gliding and prehensile tailed forms in these forests as compared to 
the Asian and Neo-tropics respectively.  
Table 4.4 Comparative richness of canopy rodent communities across the tropics  
  
Neo-tropics  Borneo  Australia  
Western 
Ghats, India 
Africa 
# of rodent sp 
captured in the 
canopy 
7 11  4  4  2 
(From Malcolm 1991,McClearn et al.,. 1994, Vieira Monteiro-Filho 2003, Adam 1977, Wells 
et al.,. 2007, Vivek(unpublished))  
Small mammals and forest disturbance  
An example of how habitat can benefit certain species, the high densities of R. r. wroughtoni, 
P. lasiurus and presence of C.blanfordi in clear-felled areas has interesting implications for 
conservation. Most small mammals are seed predators (Wells and Bagchi 2005), it has been 
suggested that an increase in their density may have detrimental effects on regeneration, 
especially in freshly logged habitats. Terborgh et al.,. (2001) found that in predator-free  
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island  environments,  densities  of  rodents  could  increase  10  to  100-fold. A study on 
predator densities and dynamics  of  vegetation  growth  in  relation  to  small mammal  
density,  especially  the  threshold  at  which  these  become  detrimental  rather than 
beneficial to seed dispersal, presents a challenging topic for future research. On  the  other  
hand,  the  persistence  of  threatened  small  mammals  must  be  weighed  up against  their  
potential  to  depress  forest  succession. For the Malabar spiny dormouse P. lasiurus, one of 
the only 12 endemic mammals of the Western Ghats, its ability to thrive in the drastically 
altered habitat of the clear-felled areas may be critical to this species’ survival if unlogged 
habitats at the regional scales continue to be lost.  
While it is clear that specific characteristics inherent to logged forests positively affect the 
success  of  some  small  mammal  species,  identifying  these  has  proven  to  be  a  
challenge (Jorgensen 2004;  Bernard  2004). Studies  have  suggested  that  the  vegetation 
structure  in  disturbed  patches  of  forest  is  an  important  determinant  of  the  presence  of 
small  mammal  species  (Dueser  and  Shugart 1978;  August 1983). Lambert  and Adler  
(2000)  found  that  the  presence  of  the  spiny  rat  Proechimys  semispinosus  within 
rainforests of Panama was strongly correlated with aspects of young and disturbed forests, 
namely  dense  herbaceous  cover  at  the  ground  level  as  well  as  an  abundance  of  small 
softwood trees and lianas. Another theory being, the availability of resources in the form of 
seeds and young  roots dictate the distribution of small mammals within a habitat (Lambert  
et  al.,  2005;  2006),  but  the  relationship  remains  uncertain  especially  for  more 
generalist species (Adler 2000; Beck et al., 2004). In our study, the high densities of 
P.lasiurus in the clear-felled areas could be attributed to the high densities of early 
successional species such as Eleocarpacea  that often produce relatively small seeds and 
remnant rainforest species such as Cullenia,  Myristica  and Garcinia trees within that grid.  
Although vegetation structure differed among studied habitats most species responses to 
micro-scale variation were independent of the habitat considered, i.e. were similar in all 
habitats. The relatively low capture rates and densities in the selection-felled areas could be 
attributed to high cane density which was significantly different for all pairwise comparisons.  
Although we  detected  differences  between  the  study sites in relation to community 
composition at each forest layer,  the  vertical  habitat  utilization  of  species  that occurred in 
unlogged, selection-felled  as well as in clear-felled areas was similar. Thus my results 
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indicated that habitat structure/attributes may alter the community composition at different 
forest layers but do not seem to alter speciﬁc patterns of vertical habitat utilization. 
This study agrees with previous research highlighting the value of logged tropical forests to 
conserving  small  mammal  species  and  communities  in  the face  of  on-going  loss  of  
primary habitat  (Dunn 2004;  Meijaard  and  Sheil  2008;  Bernard  et  al.,  2009;  Berry  et  
al., 2010). As such, total conversion of  landscapes may act as effective barriers  to  the  
dispersal  of  these  species  between  current  and  future  forest  fragments, which may have 
further consequences in terms of susceptibility to extinction (Pardini et al., 2005). The matrix 
of plantations within this habitat are such barriers and the restoration of these plantations 
would be beneficial to the small mammal community.  
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Chapter 5: Synthesis: birds and small mammals through a 
canopy lens 
 
Empirical research and theory on understanding how disturbance and heterogeneity affects 
key ecological processes at population, community and ecosystem scales has been much 
discussed in academia (Connell 1978; Pickett and White 1985; Southwood 1988; Alverson et 
al., 1994). Disturbance and its importance for the ecology of species and conservation of 
biodiversity has now been widely recognised (DeGraaf  and  Miller  1996; Brawn et al., 
2001). With increasing number of studies defining disturbance as “any relatively discrete 
event in time that disrupts ecosystem, community, or population structure and changes 
resources, substrate availability, or the physical environment.” (Connell 1978; Sousa 1984, 
Pickett  and  White  1985;  Petraitis  et  al.,  1989; DeGraaf  and  Miller 1996; Askins 2000), 
Pickett and White (1985, p. 7).   
Forest canopies are the first habitats that are altered with disturbance and structural changes 
to them can have detrimental effects on the forest ecosystem as a whole. Until the last few 
decades, access to the forest canopies was limited for scientists (Walther2003). Rapid  
advances  in  canopy  access  techniques, have  enabled  canopy  scientists  to  safely and  
repeatedly  access  the  canopy  of  various rainforests  around  the  world  (Lowman and  
Wittman  1996;  Sutton  2001). In spite of this, there is still a paucity of studies that use 
canopy access as part of its core methods to answer ecological questions. Studies of canopy 
biota and related processes are just beginning to emerge in some parts of the world (Devy and 
Ganesh  2003 ; Devy et al., 2012 ) and most studies in south Asia have used opportunistic 
sampling to give us a view of the canopy and its processes.  
Canopy based studies on birds and small mammals revealed major constraints in the current 
methods used for studying these taxa in the canopies. It also underlined the kind of research 
questions that can be addressed given such limitations. In this thesis, I explore ways of 
overcoming methodological constraints and formulate hypothesis, questions and specific 
objectives that will help gain better understanding of the organization of bird and small 
mammal communities in the Western Ghats.   
This thesis explores the effects of changes in forest structure on vagile taxa such as birds and 
less vagile small mammal communities of the mid-elevation wet evergreen forests of KMTR. 
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Less vagile taxa or those with more speciﬁc habitat requirements have been hypothesized to 
be more susceptible to disturbance than other groups (Lawton et al., 1996). Using a suite of 
techniques, both ground and canopy-based, I have answered questions on methods required to 
effectively sample the bird and small communities. Based on these methods, the stratification 
and structuring of communities of birds and small mammals are explored, which has 
provided some new insights into community organisation.  
The selective logging of the evergreen forests in KMTR was done between the 1960’s and 
70’s for various reasons. Some of the felled areas were used to grow cardamom and shade 
coffee. A few areas were clear-felled for planting tea but were abandoned later and these 
make up the fringe areas around the tea-estates in Kakachi and Nalmukh inside KMTR. The 
resultant structural change in habitat and its effect on the structuring of the bird and small 
mammal communities is discussed.  In this chapter, I synthesize the important findings, 
shortcomings and possible future research avenues. 
 
Canopy vs. ground sampling 
The use of canopy based censuses for birds has been discussed in detail by Walther 2003 and 
Anderson 2009. The advantages of using both canopy and ground-based sampling in 
conjunction are highlighted in chapter 2. Sampling from platforms not only allowed for wider 
spatial coverage but also facilitated the sampling of varied habitats. Many crepuscular birds, 
and hard to detect species were frequently seen from the canopy and stand-alone sampling 
from the ground grossly underestimated their abundance.  A total of 19 species were either 
detected in greater abundance or were exclusively recorded from the canopy.  
The ability to make observations undetected from the canopy is another invaluable 
advantage. Most bird activity is usually in the form of mixed-species flocks. When these were 
encountered during sampling from the canopy, the birds were less alarmed by the presence of 
an observer in the canopy and in many cases birds came to only a few feet away from the 
observer. The platforms were very useful in making detailed behavioural observations that 
shed light on the ecology of the species. 
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Most small mammals that inhabit the wet evergreen forests have secretive habits and are shy. 
Our perceptions of the small mammal community can change with use of arboreal traps and 
this is illustrated in chapter 2. Species that were often thought to be rare or absent such as the 
Malabar spiny dormouse (Platacanthomys lasiurus) was found to be the most abundant 
species at my study site.  The utility of generic bait is also discussed. The knowledge of the 
natural history of the target taxa was shown to be important to improve trapping success.  
The main aim of the  initial phase of study was to establish the advantages of canopy 
sampling and endeavour to devise a protocol for both birds and small mammals that is easy to 
replicate and cost effective in complex multi-layered habitats.  
 
Canopy disturbance 
 
Birds 
In Chapter 3, I have tried to see how bird communities are stratified across a disturbance 
gradient. Apart from comparing the structural vegetation attributes of the three habitats, a 
vegetation profile using number of leaves encountered in a vertical cylindrical column at 
every meter from the canopy to the ground was developed (see Fig 3, chapter 3). This 
vegetation density measurement is the first of its kind for India’s forests and gives us fine-
scale understanding of the forest stand structure. It was also used to understand how foraging 
behavior changed with the change in vegetation density across the habitat types.  
It was found that understorey birds had narrow foraging breadth as compared to canopy birds 
and that mid-storey species had the largest foraging amplitude. This changed dramatically 
with change in structure, as species in the mid-storey seemed to be excluded as the stature of 
the habitat decreased. This was corroborated by the guild analysis, as species number in 
various guilds decreased with change in stature. I have termed this as “guild compression.”  
The sensitive mid-storey insectivorous species such as the Malabar Trogon (Harpactes 
fasciatus) seem to be affected severely by this phenomenon. It was found that the species 
composition of the unlogged and selection-felled areas was similar as compared to the clear-
felled areas.  
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A shortcoming of this study is that only 6 platforms were used in each of the habitats as 
establishing platforms is a dangerous and time consuming exercise. A possible work around 
could be to use prefabricated platforms that can be established and moved from tree to tree. 
This would potentially increase sample size, avoid inherent problems of pseudo replication 
and further increase spatial coverage. The inability to sample during inclement weather 
because of the threats of high wind and lightning precluded sampling during the monsoon 
season. A phylogenetically controlled analysis of foraging behavior may have given a more 
accurate picture as the parabolic relationship described in chapter 3 may be inﬂated by related 
species foraging at the same height. This analysis would be beneficial for understanding the 
evolution of such behavior across families and taxa.  
Mammals  
There exists a lacuna in research on three-dimensional use of habitat by small mammals in 
South Asia as compared to studies in other parts of the world (August  1983; August and 
Fleming 1984; Malcolm 1991, 1995; McClearn et al., 1994, Meserve 1977, Stallings 1989). 
As illustrated in chapter 1, ground based estimates can lead to inaccurate generalizations. In 
chapter 4, I have characterized the small mammal community in different habitats. This is a 
first of its kind effort for India where a vertical profile of the small mammal community has 
been obtained. The community, though species poor in this region gives us important insights 
into their response to habitat modification. Species earlier considered sensitive with 
specialized habitat requirements have found to be the most abundant and resilient.  The 
species of the order Insectivora were found to be sensitive and absent from disturbed areas. 
The disturbed areas also had additional species that may be edge dependent, such as the 
White-tailed wood rat (Cremnomys blanfordi) which was exclusively found in these areas. 
Forest stature per say did not have any effect on the community composition and no 
compression or exclusion of obligate arboreal species was seen in comparison with the bird 
community. Competitive exclusion was seen between two species within Muridae, this could 
be due to competition for resources or to avoid predation. More research in this aspect is 
needed to conclusively answer that question.  
Inability to sample many areas was a short coming as establishing and running an arboreal 
trap line is a laborious and time intensive process. The procedure of checking the traps 
involves repeated ascents and descents during the trapping session. A way to overcome this 
would be to use trained volunteers to help with the sampling, for retrieval and setting of traps. 
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There are also methods that do not require climbing of the tree and could be used specifically 
for mid-storey traps that may be accessible with this method. Such studies could also be used 
to reassess the small mammal communities of previously sampled areas too, as this protocol 
can add to the species lists and provide additional conservation value.  
Less vagile taxa or those with more speciﬁc habitat requirements have been hypothesized to 
be more susceptible to disturbance than other groups (Lawton et al., 1996). In this study, 
despite the vagility of birds, certain insectivore bird species were far more sensitive and 
susceptible to structural change of habitat as compared to small mammals. This seems 
counter intuitive but with the use of canopy sampling such fine scale changes have been 
discernible, which would have been impossible with sampling restricted to the ground.  
 
Implications for conservation 
 
With increasing pressure due to development activities and various climate change scenarios, 
conservation of biologically important sites is a priority. Global change scenarios are looming 
large over the horizon and canopies being at the interface between the atmosphere and earth, 
canopy avifauna and small mammals could be used as indicators of potential change. With 
potential range shift predictions under current rates of warming, montane bird communities 
of Australasia, the Afrotropics and the Nearctic are exceptionally susceptible to climate 
change and deserve particular attention. (La Sorte and Jetz 2010).  
  
The estimates currently used to determine the conservation importance of sites are based on 
ground based methods. With the use of canopy based techniques, species richness and 
abundance of bird species can be more accurately estimated without bias and will help in 
prioritization of the conservation potential of sites. Certain groups of birds such Apodidae and 
diurnal raptors are more easily detected from the canopy due to their behavior of soaring 
above the forest canopy. In our study, we encountered the Jerdon’s Baza (Aviceda jerdoni) 
only from the canopy. We had five sightings of the Baza, the first records for the reserve and 
there have been only a few records from the southern Western Ghats, India. Access to the 
canopy provided accurate estimate of abundance of the Malabar spiny dormouse 
Platacanthomys lasiurus (See Chapter 2) which had not been recorded by a previous study 
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(Mudappa et al., 2001) in the same area owing to terrestrial sampling. Similarly,  Malcolm 
(1995) reports that the abundance of Prochimys sp in Manus, Brazil was thought to be 10 
times that of Caluromys philander, but canopy trapping found that the abundances of the two 
species was similar. 
 
Supplemented by paired ground observations, this method would help in mapping spatial 
distribution, population density, and behavior of a species and the results would be 
independent of observer bias as observer skill cannot improve visibility or reduce the distance 
of detection (Anderson 2009).  Better estimates of abundance and densities can also be 
obtained by applying distance sampling to canopy based samples. Our results have shown 
that detection probabilities for small canopy nectarivores were much higher when sampling 
was done from the canopy. In addition, our study also facilitated research in other disciplines 
that benefit from such distributed canopy access like the pollination ecology of Loranthaceae 
that are pollinated and dispersed by canopy birds (Giby et al., 2012) and our trapping 
techniques using specific bait were also used to supplement seed predation studies ( Chetan 
and Ganesh unpub) 
 
Additionally, canopy-based censuses may be necessary for monitoring the long-term changes 
in composition of the avian and small mammal assemblage, including species loss following 
forest disturbance and fragmentation.  
 
The potential of secondary habitats in conserving native bird  and small mammal diversity is 
highlighted by this study. But emphasis on protection of standing unlogged forests should be 
a priority as they harbour endemics as well as species that are sensitive to habitat 
modification.  
 
There is a need for the research community to sustain and encourage studies on canopy fauna. 
Similar to studies in canopy arthropods done under IBISCA (Basset et al., 2007), canopy bird  
and small mammal studies spanning across tropical and temperate regions could facilitate 
inter tropical and tropical vs. temperate comparisons which may unravel new patterns of  
biogeographic occupancy of space in forests across the region.   The additional effort and 
expense in canopy research is easily justified by added accuracy and a holistic view of the 
canopy community that it offers (Devy et al., 2013). Existing large ecological inventories and 
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studies such as the NEON and CTFS should also incorporate canopy based methods for better 
understanding trends of canopy dwelling assemblages. This additional canopy dimension 
would not only benefit bird and small mammal studies (Vivek and Ganesh 2012) but also 
facilitate canopy-based research in other lesser known taxa such as lichens, epiphytes 
(Seshadri et al., 2012), amphibians (Seshadri and Ganesh 2013) and reptiles which are often 
ignored in large scale initiatives. (Vivek and Ganesh 2013) 
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1  Why Canopy? 
 In structurally complex tropical forests, an understanding of forest ecosystems must 
address biodiversity and community interactions at all levels (Lowman and Rinker 
 2004 ). The structural complexity, species diversity, fl uctuations in microclimate, 
and resource availability separate the canopy from other strata. Canopy bird com-
munities include important functional groups, such as seed dispersers, pollinators, 
and predators (Howe  1977 ; Nadkarni and Matelson  1989 ; Holbrook and Smith 
 2000 ). In addition, many long-distance and elevational migrants use the canopies, 
and an understanding of their ecology, distribution, and abundance is necessary for 
their conservation (Loiselle  1987 ; Anderson  2009 ). 
 Ground-based studies have disadvantages when the habitat is structurally 
complex, such as tall mature canopies. In tropical habitats, the ability of an 
observer to detect birds within the dense foliage depends on the distance from 
the observer to the canopy and the characteristics of the species observed in 
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terms of coloration, vocalization, and movement (Anderson  2009 ). But studying 
the canopy avifauna is critical to having a complete picture of tropical-forest 
bird communities (Naka  2004 ). 
2  Do Canopies Host a Unique Set of Species? 
 Studies show that frugivores and some omnivores represent the “core” canopy 
 avifauna of the neotropics (Greenberg  1981 ; Loiselle  1988 ; Levey and Stiles  1992 ) 
and display narrow individual diet spectra (Cohn-Haft and Sherry  1994 ). The patchy 
distribution of resources over time and space in the canopy (Greenberg  1981 ; 
Loiselle  1988 ; Levey and Stiles  1994 ) has led to long-distance movements of many 
canopy species ( Karr and James  1975 ), creating fl uctuations in local populations 
(Winkler and Preleuthner  2001 ). Birds inhabiting the forest canopy or the forest 
edge are claimed to be more ecologically and phylogenetically similar, than with 
those of the forest understory (Orians  1969 ; Pearson  1971 ; Cohn-Haft  1995 ). 
A major difference between canopy and understory bird assemblages is thought to 
be their trophic organization (Sherry  1984 ). 
 Despite their importance, a majority of studies on tropical-forest canopy birds 
are conducted from the ground, primarily due to the diffi culty of canopy access. 
Within the last few decades, advances in canopy access techniques enable scientists 
to safely access the canopy (Lowman and Wittman  1996 ; Sutton  2001 ). Avian 
 studies greatly benefi t from these new techniques, and our knowledge of the ecol-
ogy and behavior of rain forest birds has improved (Munn and Loiselle  1995 ; 
Winkler and Preleuthner  2001 ). To get more quantifi able and reliable data on 
canopy- dwelling birds, mist netting in the canopy and observations from platforms, 
towers, cranes, and walkways are being employed. 
3  Methods to Study Canopy Birds 
3.1  Mist Netting 
 Early attempts to study birds in the canopy used mist netting (Greenlaw and 
Swinebroad  1967 ; Humphrey et al.  1968 ). These studies describe techniques to cap-
ture birds in the forest canopy at heights of 30 m or more using mist nets constructed 
with low-cost materials and operable with minimum manpower using pulleys. 
Subsequently, the Humphrey et al. method was modifi ed by Webber ( 1975 ) and 
Whitaker ( 1972 ) and successfully used to capture canopy birds. Beehler ( 1983 ) and 
McClure ( 1984 ) used mist nets that were slipped up and down tall poles to capture 
canopy birds, but this method did not gain popularity because it is too labor inten-
sive and complicated. Munn ( 1985 ,  1986 ) used the modifi ed Humphrey et al. 
method to study mixed species fl ocks in the Amazon. Finding this method laborious 
V. Ramachandran and T. Ganesh
203
and destructive to vegetation, Munn ( 1991 ) described an effi cient method to get 
lines into tall trees and a modifi cation of the Greenlaw and Swinebroad method to 
successfully capture birds at heights of 40–60 m. 
 Meyers and Pardieck ( 1993 ) developed three lightweight, low-canopy mist nets 
and evaluated them in dry tropical scrub, mangrove, and forest habitats. They found 
that the telescopic aluminum pole system, in spite of the initial costs, was the most 
effi cient in capturing psittacines, columbids, passerines, and possibly chiropterans 
in habitats with canopies <10 m or in the forest sub-canopy. Stokes and Schultz 
( 1995 ) and Stokes et al. ( 2000 ) describe a method of setting up mist nets horizon-
tally using canopy platforms paralleling conventional netting to allow comparisons 
between strata (useful for studies that require simultaneous mist netting in forest 
canopy and understory levels). In a study by Derlindati and Caziani ( 2005 ) in the 
Chaco forests of Argentina, a comparison between canopy mist netting and point 
counts showed similar patterns of bird diversity and distribution. Using mist netting 
from three canopy walkways in Malaysia, Rehman ( 2002 ) suggests that deployment 
from canopy walkways was useful in avifauna surveys to detect species commonly 
missed by other techniques. 
 All the above studies showed that with a little technical innovation, the upper 
strata of structurally complex habitats could be sampled repeatedly and reliably. 
They also encountered species not captured or detected in previous studies that 
relied on ground-based sampling. In addition, vital information on the vertical 
 distribution of birds in these habitats was obtained. 
3.2  Towers, Platforms, and Cranes 
 One of the earliest observational studies carried out from canopy towers was of 
Lovejoy ( 1975 ), who conducted censuses from a tower in the Brazilian Amazon at 
Manaus (but did not separate canopy census results in his published analysis). 
Greenberg ( 1981 ) carried out censuses from a canopy tower in Barro Colorado 
Island, Panama, and found that canopy and scrubby second growth have many spe-
cies in common. 
 The abundance and seasonality of migrants in the canopy was studied by Loiselle 
( 1987 ,  1988 ) in the lowland rain forests of Costa Rica who found that canopy use 
by migrants was seasonal with abundances highest during the fall and lowest during 
spring migration. The avifauna of the forest canopy, with few exceptions, was dis-
tinct from the understory avifauna; few of her common understory species were 
recorded in the canopy. 
 Portable canopy platforms were used to observe foraging behavior of Costa 
Rican birds (Nadkarni  1988 ; Nadkarni and Matelson  1989 ). Cohn-Haft et al. ( 1997 ) 
demonstrated how canopy surveys from a single canopy tower served to detect 
many species that were not encountered from the ground. Conducting censuses 
from three canopy towers in Manaus, Brazil, Naka ( 2004 ) showed that the canopy 
avifauna of Manaus was mostly composed of typical canopy bird species, as was the 
case with Costa Rica. 
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 Since the establishment of canopy crane sites in the early 1990s in tropical and 
temperate forests around the world, many ornithological studies have taken advan-
tage of these facilities. The Surumoni crane at Venezuela hosted studies of frugivo-
rous bird assemblages and their foraging behavior. A study by Walther ( 2000 ) found 
that degree of frugivory did not correlate with specialization for particular fruits. 
Fruit size was dependent on abundance of alternate fruits, fruit accessibility, and 
secondary metabolite content (Schaefer et al.  2003 ). A study on vocalization by 
Nemeth et al. ( 2001 ) found that factors that most infl uence bird song are reverbera-
tion and ground attenuation. Optical communication was studied in manakins 
( Pipridae ), which displayed where ambient light increased their color signal against 
the background vegetation (Heindl and Winkler  2003 ). Vertical stratifi cation of the 
avian community and effects of light habitats and height on foraging breath of spe-
cies were studied by Walther ( 2002a ,  b ). 
 Shaw and Flick ( 1999 ) and Shaw et al. ( 2002 ), at the Wind River canopy crane 
in Oregon, USA, found that birds shifted to the upper canopy during winter, and 
small bird assemblages of the old-growth forest stand were seasonally and vertically 
patterned to refl ect the patterns of vertical forest structure of the upper canopy. Van 
Bael et al. ( 2003 ) studied the effect of birds on herbivory in a Panamanian 
neotropical- forest canopy crane. In a similar study, Kalka et al. ( 2008 ) experimen-
tally partitioned bird predation from bat predation and found that bats had dramatic 
ecological effects on herbivory that were previously overlooked. 
 These studies shed light on processes and patterns often missed from ground- 
based studies. Insights gained from these studies further underline the importance 
of canopy-based efforts in avian biology. 
4  Trends in Canopy Bird Research 
 Despite the improved methods and increase in ease and safety of canopy access, the 
number of research publications on canopy birds has not exponentially increased 
(Fig.  20.1 ). Mist-netting techniques contributed to the early studies followed by 
studies from observational towers. Rope-based techniques were used in the 1980s 
and the establishment of the canopy cranes led to a spurt in canopy studies in the 
early 1990s and 2000s. The second half of the last decade has seen a slowdown in 
canopy bird studies. Reasons for such slowdown include a lack of trained personnel 
to access canopies, especially in the old world tropics, and paucity of infrastructure 
to access the canopies.
 Access to the canopies for ornithological studies has provided valuable data in regard 
to the structure and functioning of avian assemblages in tropical and temperate forests. 
Walther ( 2003 ) used observations made from a canopy crane located in the Amazonian 
rain forest (Surumoni Crane Project, southern Venezuela) to illustrate how canopy 
access may enhance our understanding of canopy birds. His observations from the crane 
demonstrated that some species that are portrayed as edge loving are more often found 
in closed canopy than was obvious from ground-based observations. 
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 A comparison on ground-based sampling with canopy sampling by Anderson 
( 2009 ) found ground methods signifi cantly underestimated species and familial 
richness as well as abundance of individuals in the canopy stratum and highlights 
the risk of using ground-based methods for bird studies in structurally complex 
tropical forests. 
 The obvious disadvantage of using cranes is the n = 1 caveat as the focus on a 
single forest stand. Despite this obvious limitation, no other method can offer access 
to all parts of the vertical column of the forest and quality of observation provided 
by a crane. Cranes allow fl exible and continuous access to a large area with minimal 
effect on birds. They also facilitate deployment of canopy nets in places inaccessi-
ble for ground-operated canopy nets. 
 Similar to the crane, platforms or canopy towers can provide localized  permanent 
access to locations in the canopy and facilitate good opportunities for observation, 
but with slightly less expanse (Walther  2003 ). With cranes and single-point towers, 
it is important to consider the high spatiotemporal variability of food resources in 
the canopy (Leigh et al.  1996 ), which could infl uence the number of species and 
individual birds available to the observer. In our studies (Vivek and Ganesh  2012 ), 
we worked around these problems by installing several canopy platforms in an area 
of about 12 km 2 , accessed using the Single Rope Technique (SRT). These platforms 
are spread across a habitat mosaic of primary, selection-felled, and clear-felled 
regenerating forests. 
5  Implications for Conservation 
 With increasing pressure from human development and various climate change sce-
narios, conservation of biologically important sites is a global priority. Since cano-
pies are at the interface between the atmosphere and earth, canopy avifauna could 
 Fig. 20.1  Trend in peer-reviewed research publications on canopy birds using various access 
techniques 
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be used as indicators of potential change. Under current rates of warming, montane 
bird communities of Australasia, the Afrotropics, and the Nearctic are exceptionally 
threatened (La Sorte and Jetz  2010 ). 
 The determination of conservation priorities is currently based on ground-based 
methods. With the inclusion of canopy-based techniques, species richness and 
abundance of biodiversity including birds can be more accurately estimated without 
bias and will help in prioritization of the conservation potential of sites (Anderson 
 2009 ). Better estimates of abundance and densities can also be obtained by applying 
distance sampling to canopy-based samples. Our results have shown that detection 
probabilities for small canopy nectarivores were much higher when sampling was 
occurred in the canopy (Vivek and Ganesh  2012 ). In addition, our study also facili-
tated research in other disciplines that benefi t from such distributed canopy access 
like the pollination ecology of  Loranthaceae that are pollinated and dispersed by 
canopy birds (Giby and Devy, pers comm). Our canopy-based studies have also 
shown that the change in habitat structure after disturbance led to expatriation of 
mid-story species and the resultant assemblage are dissimilar to the primary forest 
assemblages. 
 There is a need for the ornithological community to sustain and encourage such 
studies. Similar to canopy arthropod surveys done under IBISCA (Basset et al. 
 2007 ), canopy bird studies spanning across tropical and temperate regions could 
facilitate intertropical and tropical vs. temperate comparisons. The additional effort 
and expense in canopy research is easily justifi ed by its added accuracy and holistic 
view of the bird assemblages. Existing large ecological monitoring such as NEON 
and CTFS should also incorporate canopy-based methods to study canopy bird 
assemblages. This additional canopy dimension would benefi t studies of not only 
birds but also other lesser known taxa such as lichens, epiphytes, amphibians, rep-
tiles, and fungi, often overlooked in whole-forest initiatives. 
 Acknowledgments  We thank the Department of Science and Technology, Government of India 
for funding, Tamil Nadu Forest Department for permits, and Tamil Nadu Electricity Board for 
logistics. Noragric, Norwegian University of Life Sciences, and Sir Dorabji Tata Trust provided a 
fellowship to RV during the preparation of this chapter. 
 References 
 Anderson DL (2009) Ground versus canopy methods for the study of birds in tropical forest cano-
pies: implications for ecology and conservation. Condor 111(2):226–237 
 Basset Y, Corbara B, Barrios H, Cuénoud P, Leponce M, Aberlenc HP et al (2007) IBISCA- 
Panama, a large-scale study of arthropod beta-diversity and vertical stratifi cation in a lowland 
rainforest: rationale, study sites and fi eld protocols. Bulletin de l’Institut Royal des Sciences 
Naturelles de Belgique, Entomologie 77:39–69 
 Cohn-Haft M (1995) Dietary specialization by birds forest interior versus canopy and edge habi-
tats. M.S. thesis, Tulane University, New Orleans 
 Cohn-Haft M, Sherry TW (1994) Evolution of avian foraging stereotypes in tropical rain forest 
habitats. J Ornithol 135:481 
V. Ramachandran and T. Ganesh
207
 Cohn-Haft M, Whittaker A, Stouffer PC (1997) A new look at the “species-poor” Central Amazon: 
the avifauna north of Manaus, Brazil. Ornithol Monogr 48:205–235 
 Derlindati EJ, Caziani SM (2005) Using canopy and understory mist nets and point counts to study 
bird assemblages in Chaco forests. Wilson Bull 117:92–99 
 Greenberg R (1981) The abundance and seasonality of forests canopy birds on Barro Colorado 
Island, Panama. Biotropica 13:241–251 
 Greenlaw JS, Swinebroad J (1967) A method for constructing and erecting aerial-nets in a forest. 
Bird Band 38:114–119 
 Heindl M, Winkler H (2003) Interacting effects of ambient light and plumage colour patterns in 
displaying wire-tailed manikins (Aves, Pipridae). Behav Ecol Sociobiol 53:153–162 
 Holbrook KM, Smith TB (2000) Seed dispersal and movement patterns in two species of 
 Ceratogymna hornbills in a West African tropical lowland forest. Oecologia 125:249–257 
 Howe HF (1977) Bird activity and seed dispersal of a tropical wet forest tree. Ecology 
58:539–550 
 Humphrey PS, Bridge D, Lovejoy T (1968) A technique for mist-netting in the Forest canopy. Bird 
Band 39:43–50 
 Kalka MB, Adam RS, Kalko EKV (2008) Bats limit arthropods and herbivory in a tropical forest. 
Science 320(5872):71 
 Karr JR, James FC (1975) Eco-morphological confi gurations and convergent evolution in species 
and communities. Ecol Evol Commun 258–291 
 La Sorte FA, Jetz W (2010) Projected range contractions of montane biodiversity under global 
warming. Proc R Soc B 277:3401–3410 
 Leigh EG Jr, Rand AS, Windsor DW (eds) (1996) The ecology of a tropical forest: seasonal 
rhythms and long-term changes. Smithsonian Institution Press, Washington, DC 
 Levey DJ, Stiles FG (1992) Evolutionary precursors of long distance migration: resource avail-
ability and movement patterns in Neotropical landbirds. Am Nat 140:447–476 
 Levey DJ, Stiles FG (1994) Birds: ecology, behavior, and taxonomic affi nities. In: McDade L, 
Bawa KS, Hespenheide HA, Hartshorn GS (eds) La Selva, ecology and natural history of a 
Neotropical rain forest. University of Chicago Press, Chicago 
 Loiselle BA (1987) Migrant abundance in a Costa Rican lowland forest canopy. J Trop Ecol 
3:163–168 
 Loiselle BA (1988) Bird abundance and seasonality in a Costa Rican lowland forest canopy. 
Condor 90:761–772 
 Lovejoy T (1975) Bird diversity and abundance in Amazonian forest communities. Living Bird 
14:127–191 
 Lowman MD, Rinker HB (2004) Forest canopies, 2nd edn. Elsevier, Amsterdam 
 Lowman MD, Wittman PK (1996) Forest canopies: methods, hypotheses, and future directions. 
Annu Rev Ecol Syst 27:55–81 
 McClure E (1984) Bird banding. The Boxwood Press, Pacifi c Grove 
 Beehler B McP (1983) The behavioral ecology of four birds of paradise. Ph.D. thesis, Princeton 
University, Princeton 
 Meyers JM, Pardieck KL (1993) Evaluation of three elevated mist net systems for sampling birds. 
J Field Ornithol 64:270–277 
 Munn CA (1985) Permanent canopy and understory fl ocks in Amazonia: species composition and 
population density. Ornithol Monogr 36:683–712 
 Munn CA (1986) Birds that ‘cry wolf’. Nature 319:143–145 
 Munn CA (1991) Tropical canopy netting and shooting lines over tall trees. J Field Ornithol 
62:454–463 
 Munn CA, Loiselle BA (1995) Canopy access techniques and their importance for the study of 
tropical forest canopy birds. In: Lowman MD, Nadkarni NM (eds) Forest canopies. Academic, 
San Diego 
 Nadkarni NM (1988) Use of a portable platform for observations of tropical forest canopy animals. 
Biotropica 20:350–351 
20 Birds of the “Canopy”: Historical Perspective, Current Trends…
208
 Nadkarni NM, Matelson TJ (1989) Bird use of epiphyte resources in neotropical trees. Condor 
91:891–907 
 Naka LN (2004) Structure and organization of canopy bird assemblages in central Amazonia. Auk 
121:88–102 
 Nemeth J, Winkler H, Dabelsteen T (2001) Differential degradation of Antbird songs in a 
Neotropical rainforest: adaptations to perch height? J Acoust Soc Am 110:3263–3274 
 Orians GH (1969) The number of bird species in some tropical forests. Ecology 50:783–801 
 Pearson DL (1971) Vertical stratifi cation of birds in a tropical dry forest. Condor 73:46–55 
 Rehman MA (2002) Using mist-nets on canopy walkways in Malaysia to study canopy avifauna. 
Raff Bull Zool 50(2):499–506 
 Schaefer HM, Schmidt V, Winkler H (2003) Testing the defence trade-off hypothesis: how contents 
of nutrients and secondary compounds affects fruit removal. Oikos 102:318–328 
 Shaw D, Flick C (1999) Are resident songbirds stratifi ed within the canopy of a coniferous old- 
growth forest? Selbyana 20:324–331 
 Shaw DC, Freeman EA, Flick C (2002) The vertical occurrence of small birds in an old-growth 
Douglas-fi r-western hemlock forest stand. Northwest Sci 76(4):322–334 
 Sherry TW (1984) Comparative dietary ecology of sympatric, insectivorous neotropical fl ycatch-
ers (Tyrannidae). Ecol Monogr 54:313–338 
 Stokes AE, Schultz BB (1995) Mist netting birds from canopy platforms. Selbyana 16:144–146 
 Stokes AE, Schultz BB, Degraaf RM, Griffi n CR (2000) Setting mist nets from platforms in the 
forest canopy. J Field Ornithol 71:57–65 
 Sutton SL (2001) Alice grows up: canopy science in transition from wonderland to reality. Plant 
Ecol 153:13–21 
 Van Bael S, Brawn J, Robinson S (2003) Birds defend trees from insect herbivores in a Neotropical 
forest canopy. Proc Natl Acad Sci 100:8304–8307 
 Vivek R, Ganesh T (2012) Habitat structure and its effects on bird assemblages in the Kalakad- 
Mundanthurai Tiger Reserve, India. JBNHS 109(1&2):87–95 
 Walther BA (2000) Fruit size and frugivore species richness: additional evidence from observa-
tions at a large Ficus tree. Ecotropica 6:197–201 
 Walther BA (2002a) Vertical stratifi cation and use of vegetation and light habitats by Neotropical 
forest birds. J Ornithol 143:64–81 
 Walther BA (2002b) Grounded ground birds and surfi ng canopy birds: variation of foraging stra-
tum breadth observed in Neotropical forest birds and tested with simulation models using 
boundary constraints. Auk 119:658–675 
 Walther BA (2003) Why canopy access is essential to understand Canopy birds: four examples 
from the Surumoni Crane project. Ornithol Neotrop 15:41–52 
 Webber MI (1975) Some aspects of the nonbreeding population dynamics of the Great Tit (Parus 
major), Appendix 1. Ph.D thesis, University of Oxford, Oxford 
 Whitaker AH (1972) An improved mist net rig for use in forests. Bird Band 43:1–8 
 Winkler H, Preleuthner M (2001) Behaviour and ecology of birds in tropical rain forest canopies. 
Plant Ecol 153:193–202 
V. Ramachandran and T. Ganesh
87J.  Bombay Nat. Hist. Soc., 109 (1 & 2), Jan-Aug 2012
HABITAT STRUCTURE AND ITS EFFECTS ON BIRD ASSEMBLAGES
Journal of the Bombay Natural History Society, 109(1 & 2),  Jan-Aug  2012 87-95
INTRODUCTION
Tropical secondary forests make up one-sixth of all
primary forests that were clear-felled during the 1990s (Wright
2005), and are most likely to be a dominant feature in tropical
landscapes of the future (Wright and Muller-Landau 2006).
This expansion of degraded and abandoned lands in
deforested landscapes may have important implications for
the long-term conservation of tropical forest wildlife (Daily
2001; Lindenmayer and Franklin 2002; Wright and Muller-
Landau 2006). The values of areas of native regeneration and
secondary growth are poorly understood, and our current
knowledge base fails to predict whether these habitats will
help conserve tropical forest species in the future (Brook et
al. 2006; Gardner et al. 2007). Birds are one of the best known
faunal groups in the tropics (Hill and Hamer 2004; Stotz et
al. 1996) and the canopies are the most dominant feature of
these landscapes. Yet canopy-based studies of birds are few
and scattered, being mainly confined to the Neotropics.
Birds are an important component of the canopy habitat
and many species depend on it for their survival. The analysis
of patterns of vertical stratification and canopy utilisation by
birds has been limited by difficulties associated with studying
the top layers of the forests, and this has been the case for
other groups of organisms too; e.g., ants (Tobin 1995), lizards
(Reagan 1995), and bats (Kalko and Handley 2001).
Limitations faced by canopy studies so far have been difficulty
in access and problems of insufficient replication (Barker and
Sutton 1997; Bongers 2001) and ground-based studies also
lead to inaccurate generalisations and bias in the estimates of
richness and abundance. Little work has been done on
canopies in India, with most of the work restricted to the
Western Ghats (Devy 1999; Devy and Davidar 2003; Ganesh
and Devy 2000).
The vertical organisation of the avian community with
respect to vegetation and habitat is essential to understanding
terrestrial bird assemblages. Various factors combine to shape
bird communities like resource availability, vegetation
structure, and abiotic factors like temperature, light and
precipitation (Cody 1985; Wiens 1989). The influence of
forest height on vertical structuring of bird communities in
temperate and tropical forests has been studied intensively
(Anderson et al. 1979; Bell 1982; Cody 1974; Cody 1985;
Greenberg 1981; Marra and Remesen 1997; Orians 1969;
Pearson 1971; Smith 1973; Terborgh 1980; Terborgh and
Weske 1969; Walther 2002a). The structure of vegetation and
its density change with respect to the height of the forest
(Pearson 1971; Richards 1996; Terborgh 1980). Densities of
foliage are highest in the canopies and the understorey with
the mid-storey having more open spaces (Bell 1982; Pearson
1971; Pearson 1975; Terborgh 1980; Terborgh and Weske
1969).
Forest height leads to change in such variables as
evaporation, temperature and wind (Longman and Jenkins
1974; Richards 1996), ambient light (Endler 1993), foliage
density and resources (see Pearson 1971). The above
mentioned factors shape many forest communities, and
species are specific to strata as they are adapted to
environmental conditions of the strata they inhabit.
Species being adapted to particular foraging techniques
have consequently led to varying breadths in foraging strata.
The vertical distribution of foraging substrates may also cause
species to have different stratum breadths (Walther 2002b).
The distribution of resources can also lead to specialisation
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and narrow foraging strata according to resource abundance
(Marra and Remsen 1997).
Forest disturbance, such as selection-felling and shade
tree plantations, can generally result in decrease in stature of
stands. Hence, the available habitat for birds is also reduced
and may result in restructuring and even possible expatriation
of habitat specialists. Keeping this in mind, this paper focuses
on understanding the differences in bird community structure
between habitats in relation to habitat structure, including
vertical strata, by canopy sampling in conjunction with
terrestrial sampling.
METHODOLOGY AND STUDY AREA
The study was carried out in the mid-elevation
evergreen forests around Kakachi and Upper Kodayar in the
Kalakad-Mundanthurai Tiger Reserve (KMTR) (77° 15' – 77°
30' N; 8° 16' – 8° 40' E) in the Agasthyamalai range of southern
Western Ghats, India. The area is home to several endemic,
rare and threatened species of plants and animals (Ramesh et
al. 1997). The study site at Kakachi-Kodayar area is located
on the saddle of a hill range running north-south. It forms a
gentle undulating plateau with stands of undisturbed wet
evergreen forest. Part of this area is under tea and eucalyptus
plantation. The average altitude of the plateau is 1,200 m.
Annual total rainfall averages about 3,500 mm and is well
distributed throughout the year, with a great proportion falling
during the northeast monsoon between October and
December.
During 1972, the forests of the Kakachi were opened
for plantation activity and timber extraction. Parts of the
forests were selectively felled to raise cardamom and to supply
timber for the match industry. The canopy was opened up by
removing large trees such as Cullenia exarillata, Palaquium
ellipticum, Myristica dactyloides, and Calophyllum
austroindicum. In addition, valuable mid-canopy species were
also illegally logged. Some parts of the forests were clear-
felled to raise tea, coffee and eucalyptus plantations, but were
abandoned without being planted. Also, the areas around
upper Kodayar were clear-felled for the construction of a dam
across the Kodayar river (Ganesan 2001). Hence, the Kakachi-
Kodayar plateau is a complex habitat matrix of primary forests
with an average canopy height of c. 30 m interspersed with
areas of selectively-felled and clear-felled regenerating areas
and is ideal for the study.
Avifaunal sampling
Six semi-permanent canopy sampling platforms were
established in each of the three habitat types (primary,
selectively-felled and clear-felled). To maintain spatial
independence, no two stations were closer than 500 m. Point
counts were carried out from these platforms and from five
stations on the ground, one directly below the platform and
one in each of the four cardinal directions from the platform
with 100 m between each point. Timed point counts were
carried out from 06:30 hrs to 18:00 hrs at each station
(platform and five ground points) for two days in a season.
This data was collected for seven seasons from March 2006
to February 2009. All bird registrations (sighting and calls)
were recorded during point counts. Number of individuals,
distance from the observer, height, behaviour, foraging tactics,
light habitat, and position were also noted. All over-flying
birds and uncertain identifications were removed from the
analysis. To maintain independence between points (and to
avoid any potential double counting) all detections >50 m
from the observer were excluded from the analysis. For
vertical stratification absolute height was used as it could be
accurately ascertained as the platform height and tree heights
in the sample locations were known.
Habitat structure
We measured all standing trees >10 cm DBH and
enumerated <10 cm DBH saplings in 10 plots measuring
10 x 10 m, established at each of the 18 canopy platform
locations. We only recorded trees having more than half of
their stem within each plot. The canopy cover was calculated
using digital photographs taken at waist height, avoiding
obstruction of understorey vegetation. Results are analysed
using Gap Light Analyzer v. 2.0 (Frazer et al. 1999).
We obtained data on the vertical distribution of
vegetation density at the study site. Using SRT and descending
on a rope and we passed a one-metre stick in a horizontal
circle at one-metre intervals from the top of the canopy to the
ground. At each height, the number of leaves touching the
stick was counted. A total of 90 descents were made, with
30 in each habitat and data from all descents within a habitat
was averaged (Fig. 3).
Analysis
Most census techniques do not sample animal
populations perfectly, and all references to abundance in this
paper refer to relative abundance derived from our sampling
techniques instead of the ‘true’ abundance, which is unknown.
Point counts in tropical forests are more effective for sampling
avifauna in mature forest (Blake and Loiselle 2001). For
indications of bird-sampling completeness and estimated
species richness, Coleman curves were compared with
estimators Chao2, ICE, and MMMean (Chao 1987; Lee and
Chao 1994; Raaijmakers 1987), which are considered optimal
estimators for tropical birds (Herzog et al. 2002; Matlock et
89J.  Bombay Nat. Hist. Soc., 109 (1 & 2), Jan-Aug 2012
HABITAT STRUCTURE AND ITS EFFECTS ON BIRD ASSEMBLAGES
al. 2002; Walther and Martin 2001). Patterns of species
richness between different forest types were compared using
sample-based rarefaction curves constructed using the
analytical formulae implemented in estimateR (Oksanen et
al. 2011).
 Location and dispersion of frequency distributions can
be calculated in a number of ways (Sokal and Rohlf 1995;
Zar 1996), but the most widely used statistics are the mean
and standard deviation (Fowler and Cohen 1986). We used
those statistics because they were also used in a previous
analysis of the relationship between the mean and the standard
deviation of foraging height (Terborgh 1980; Walther 2002b).
A weighted least-squares regression was used to fit a parabolic
model (y = b2 x
2+ b1 x
1 +b0) to the data, using the program R
(R Development Core Team 2011) which allows a direct
graphical depiction of the relationship, and it may have
ecological relevance.
 All community structure analyses were undertaken
using square-root transformed abundance data to reduce the
influence of the most dominant species, and site-standardised
to account for differences in total abundance. Ordination
analyses were implemented in R (Oksanen et al. 2011) using
De-trended Correspondence Analysis on individual sites to
see if there was any distinct grouping. Species were assigned
to foraging and dietary guilds following Ali and Ripley (1981),
supplemented by field observations.
RESULTS
Bird sampling completeness and comparative bird species
richness
A total of 2,578 detections of 59 species were made
over 1,464 hours point count observations from the canopy
and understorey samples combined. Sampling completeness
was estimated at 85-91% Clear-felled (CF), 82-88%
Selectively-felled (SF), and 72-76% Primary Forest (PF)
(Table 1). Overall species richness in selectively-felled areas
(50) was higher than in clear-felled (46) and primary (40)
forest areas, but the difference was not significant (÷2=5.39,
df=2, P=0.07) (Fig. 1).
The estimated species-richness values were taken as
relative bird species-richness between sites, rather than
absolute values, because the protocols were standardised
across sites.
Habitat Structure
Vegetation: The tree DBH distribution differed between
forest types (÷2=69.29, df =8, P<0.001) (Fig. 2).
The height class distribution of trees <10 m and >10 m
differed significantly among the forest types (÷2=196.21,
df =2, P< 0.001) with the primary and the selectively-felled
areas having higher density per hectare of tall trees and clear-
felled areas having greater density of shorter trees (Table 2).
Percentage canopy cover was also significantly different
across the habitat.
Fig. 1: Coleman curves for bird sampling in the three habitat types
Table 1: Estimated bird species richness for the three forest types
Forest Type Coleman Chao 2 ICE MM means
rarefaction
Clear-felled 51.9 ±1.8 54.2 ±1.3 59.2 ±1.3 61.3
Selectively-felled 59.0 ±1.6 62.7 ±3.1 67.3 ±1.9 68.3
Primary forest 56.6 ±1.2 57.1 ±1.9 71.1 ±2.9 67.3
Fig. 2: Distribution of tree diameter at breast height (DBH) of
clear-felled, selectively-felled and primary forests in Kakachi and
Kodayar (n=174)
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Vertical stratification
We restricted the analysis to species that were observed
in all habitats and with at least five detections in each (a total
of 1,122 observations of 31 species). These species, with the
exception of cryptic and nocturnal species, can be considered
the most abundant species in our study area. For the measure
of foraging height, the standard deviation is a parabolic function
of the mean, with the maximum point close to the middle of
the range of absolute height for all the habitats (Figs 4a-c).
In the primary and selectively-felled areas, vegetation
density was highest in the understorey and the canopy, and
lowest in the midstorey. The clear-felled areas have high
vegetation density till a height of about 8 m due to luxuriant
regrowth and very low density till the canopy level (Fig. 3).
Consequently, vegetation density at the mean absolute
height of each species is negatively correlated with the
standard deviation of the species’ absolute foraging height
for all the habitats (Figs 5a-c), meaning that species in dense
vegetation have narrower foraging strata across all habitats.
In the clear-felled areas and selectively-felled areas, there is
a stronger negative relationship compared to the primary
habitats, as the species in these secondary habitats have a
broader foraging breath (Figs 5a-c).
Guilds
An analysis of vertical distribution of species in the
four guilds showed that that the diversity of foraging guilds
was also much higher in the canopy than in the other two
strata for the selectively-felled and primary areas. In the clear-
felled areas, due to the absence of a well defined canopy,
guild membership was greatly reduced.
Fig. 4: Plots of the mean versus the standard deviation of absolute
height for 31 tropical forest bird species.
Species with n = 5 observations depicted with squares (clear-
felled), circles (selectively-felled) and astrics (primary).
All weighted least-squares regression models fits
were significant at the p > 0.0001 level.
a) Clear-felled: y=0.054x2+ 0.67x-0.015, r2= 0.80, F=57.72,
df=(2,31), p<0.0001
b) Selectively-felled: y=-0.30x2-0.90x-0.02, r2=0.68, F=30.53, df= (2,
31), p<0.0001
c) Primary: y= -0.15x2+0.97x-0.02, r2= 0.74, F=41.28, df=(2,31),
p<0.0001
Fig. 3: Forest height versus vegetation density, i.e., the mean
number of leaves (data points were smoothed by averaging over
a symmetrical 3 m interval).
The thin line indicates mean density in primary forest
which was 6.51±3.35 [mean ±SD]
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Fig. 5: Plot of vegetation density (mean number of leaves) versus
the standard deviation of absolute height for 31 bird species
(model I linear regression)
a) Primary: y= -0.67x+9.27, r2= 0.42, F=22.6, df=(1,31), p<0.0001
b) Selectively-felled: y=-1.22x +12.49, r2=0.79, F=120.63, df= (1,
31), p<0.000
c) Clearfelled: -1.22x +13.53, r2= 0.77, F=105, df=(1,31), p<0.0001
Fig. 6: Species richness of four guilds in vertical space across the
three habitats
The understorey and mid-storey avifauna were
predominantly insectivores in all habitats, whereas the canopy
had all guilds, especially frugivores and nectarivores (Fig. 6).
To discern the patterns of guild variation, the four basic
guilds were further divided according to foraging modes. This
revealed that the primary forest was dominated by habitat
specialists, secondary forest harboured both specialists and
generalists, while clear-felled held either none, or very few,
habitat specialists. Most foraging and dietary guilds that were
recorded in sufficient numbers to be tested exhibited
significant differences in their abundance between habitats
(Fig. 7).
For example, arboreal gleaning insectivores were most
abundant in the primary forest and the selectively-felled areas
as the foliage volume in these areas is much higher than in
clear-felled areas. Arboreal sallying insectivores also showed
a similar trend. Arboreal omnivores were consistently most
abundant in secondary growth habitats. Terrestrial gleaning
insectivores were also more abundant in these habitats.
Arboreal frugivores were attracted to the clear-felled habitats
due to the abundance of drupes offered by the secondary
vegetation, mainly Elaeocarpus munronii, Elaeocarpus
serratus, and Persea macrantha.
Differences between habitats
Bird community structure was different in each of the
three habitat types for all data sets, with each forest forming
a distinct cluster on an MDS plot (ANOSIM global R=0.69,
p=0.001; and all pair-wise habitat comparisons were
significant, p=0.01) (Fig. 8). Species abundance in primary
forest proved to be a poor predictor of its abundance in other
habitat types. Within habitats, community dissimilarity among
sites was similar for all habitat types, but slightly lower in
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Fig. 7: Changes in the (a) abundance of birds and (b) species richness
grouped by foraging and dietary guilds across habitat.
[Guild codes are: IAG – arboreal gleaning insectivore; IAS – arboreal
sallying insectivore; IBI – bark-searching insectivore (internal);
IBE – bark-searching insectivore (external); ITG – terrestrial gleaning
insectivore; FA – arboreal frugivore; NA – arboreal nectarivore;
OA – arboreal omnivore; RA – diurnal raptor] Significance tests were
made using Kruskal-Wallis tests, with p-values indicated by *=<0.05.
Table 2: Vegetation structure in unlogged Primary, Selectively-felled and Clear-felled sites (F= One-way ANOVA)
Clear-felled Selectively-felled Primary    
Mean ±SD Mean ±SD Mean ±SD Statistic  df P
Stem density/plot
(>10 cm DBH) 11.42 ±5.8 10.18 ±1.27 8.21 ±0.034 F= 1.44 174 Ns
Stem density/plot
(<10 cm DBH) 12.96 ±1.89 10.79 ±2.54 7.77 ±1.94 F = 33.34 174  < 0.001
% Canopy cover 87.42 ±6.53 90.07 ±4.69 92.75 ±1.49 F= 10.29 174  < 0.001
clear-felled areas. Geographic distance between sites and
community dissimilarity did not show any significant
relationship (Rho= -0.1, p=0.4).
DISCUSSION
Tropical bird community composition is constrained
and determined by habitat structure (Terborgh 1985). Bird
species richness and community structure is strongly
correlated with closed canopy and complex habitat structure
in regenerating forests (Andrade and Rubio-Torgler 1994;
Blankespoor 1991; Bowman et al. 1990; Dunn 2004; Raman
et al. 1998). There were statistically significant differences
in vegetative structure between the forest types sampled. The
primary and the selectively-felled areas were more similar
than the short statured clear-felled areas. It can be postulated
that the regeneration in selectively-felled areas had reached
a level where the overall differences in vegetative structure,
compared to the (control) primary forest, were not biologically
or ecologically significant, and thus did not exert differential
effects on their associated avifauna. Also important was the
contiguity of our selectively-felled and clear-felled forest
areas, which is critical in the re-colonisation of such forests
(Lambert 1992). Contiguity or proximity increases the chance
that vagrants or transient birds dispersing through secondary
Fig. 8: Non-metric multidimensional scaling (MDS) ordinations of
the bird community in three forest types. Ordination analyses are
based on quantitative dissimilarity matrices.
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habitats will be detected (Terborgh and Weske 1969). Some
authors have proposed that avian re-colonisation in such
forests requires the presence of a mosaic of unlogged and
selectively-logged forests (Johns 1996; Lambert 1992; Wong
1985), and is inversely related to the distance between them
(Wong 1985).
We found that the primary forest canopy was species
rich as compared to the mid-storey and understorey. In the tall
primary forest, the vertical development of canopy structure
provides a diversity of habitat elements and microclimatic
conditions, which are crucial to vertical canopy use by birds.
This general relationship of bird species diversity and forest
height diversity is well known in forest-avian research
(MacArthur and MacArthur 1961; Willson 1974). This study
provides evidence that midstorey species of tropical rainforests
forage in a broader stratum than understorey or canopy species.
This was generally true for the primary and selectively-felled
areas, but the clear-felled areas had a completely different
pattern with species expanding their foraging niches. Dead leaf
gleaning insectivores that are restricted to the forest floor in
the primary areas were seen foraging at heights of 3–7 m in the
clear-felled areas. The observed results may not hold true for
rare species, as they were excluded from the analysis and
phylogenetic relationships were not taken into account. It
remains to be investigated if rare and other open-forest species
have an influence on the foraging niches of the core avifauna
in the clear-felled and selectively-felled areas through
competition.
Studies have shown that relative height is a better
measure of stratification in the absence of accurate height
measurements and variability of forest height (Terborgh
1980; Walther 2002b). Since the sampling was carried out
from the canopy, the height of the platforms was known
and all detection heights were measured accurately.
Stratification was not measured as stratum which is a crude
measure, as it is a categorical variable. The relationship
between the mean and the range for absolute height for
Peruvian and New Guinean birds had the similar overall
shape (see Walther 2002b), the observed relationships would
have been impossible to infer without access to the canopy
for detailed observations.
 Many canopy species are usually invisible from
the ground, especially in continuous canopy forests. The
use of the platforms in conjunction with traditional ground-
based sampling circumvents this problem (Anderson 2009;
Walther 2003). The advantages of canopy sampling cannot
eliminate the problem of pseudoreplication, especially for
territorial species (Munn 1985). To minimise this, a total of
18 platforms were set up across the three habitats to ensure
adequate replication and spatial coverage.
Variation in diurnal and seasonal height of foraging
has been reported in Pearson (1971, 1977) and Bell (1982).
This variation was not substantial enough to influence the
overall relationship observed in our study which spanned
over three years and seven seasons. The reasons for and the
mechanisms that explain the observed parabolic
relationships are discussed in Walther (2002b). With the
change in structure of the habitat, it seems that species that
specialise as understorey and canopy dwellers broaden their
foraging niche. But not all species can show such niche
plasticity and are forced out of the avian assemblages in
areas of disturbance. Understorey babblers (Rhopocichla
atriceps, Pellorneum ruficeps) and laughingthrushes
(Trochalopteron fairbanki, Garrulax delesserti) use the
dense band of vegetation found near the ground, which is
difficult for sallying flycatchers such as Culicicapa
ceylonensis and Eumyias albicaudatus which are found in
the lower midstorey and above. Similarly, woodpeckers
(Picidae) and nuthatches (Sittidae), as well as leaf-gleaning
warblers (Phylloscopus spp.), tits (Paridae) and babblers
(Alcippe spp.) are found throughout the mid-storey and
extend into the understorey and the canopy. The foraging
breaths for each species is hence a result of requirements
that are found in a narrow band for understorey and canopy
species, but in much broader strata for midstory dwellers
(Walther 2002b).
The guild composition of the primary forest canopy
was more diverse with an abundance of frugivores and
nectarivores. Most bird species were confined to specific
vertical foraging niches, especially understorey and canopy
birds that forage in narrower vertical niches than mid-storey
birds (Walther 2002b). The Square-tailed Black Bulbul
(Hypsipetes ganeesa), Yellow-browed Bulbul (Iole indica),
Oriental White-eye (Zosterops palpebrosus) and Brown-
cheeked Fulvetta (Alcippe poioicephala) were some of the
species that were seen to utilise vertical strata differently
across the disturbance gradient. The change in habitat
structure had a negative effect on these species as these
canopy and mid-storey dwellers are more adversely affected.
Thirty-five years after being felled, the clear-felled
areas we examined clearly failed to compensate for the loss
of primary habitats and the habitat specialists they contain.
Older areas of secondary forest may be more species rich
(Dunn 2004) and hold a much higher proportion of primary
forest species (see Sodhi et al. 2005). Even if forests are
left, the post-disturbance recovery of bird communities is
non-linear and slows after around 25 years, and regaining
the complex microhabitats and structures required by
primary forest specialists is likely to take centuries rather
than decades (Raman et al. 1998).
94 PROCEEDINGS OF THE INTERNATIONAL CONFERENCE ON INDIAN ORNITHOLOGY
HABITAT STRUCTURE AND ITS EFFECTS ON BIRD ASSEMBLAGES
CONCLUSION
Avian compositional characteristics were generally
comparable for primary and selectively logged tropical
rainforests, which possibly indicates advanced stages of forest
regeneration. Our observation of generally undiminished bird
diversity and greater abundance in the selectively-felled areas
is an encouraging indication of the potential role of such
forests in tropical-forest bird conservation. However, clear-
felling had adverse impacts and showed reduction of rare
rainforest specialist species because the forest canopy was
opened up by logging, which resulted in gaps and changes in
the vegetation structure, which were maintained by wind
penetration and sustained harvesting of small boles for fuel-
wood and building material by the local people and by
elephant activity. However, these areas were used by
frugivorous species because of an abundance of secondary
species with drupe fruits, so they may be of seasonal
importance to such frugivores.
A complex habitat matrix does have a potential role in
biodiversity conservation as they may act as refugia, a seasonal
resource, can help to offset species loss, and may also provide
landscape connectivity. But the current conservation efforts
should concentrate primarily on the preservation of standing
primary forests.
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wet evergreen forest. Part of this area is under tea and irds are one of the best known faunal groups in the 
Eucalyptus plantations. With an average altitude of 1200 m, B tropics. Birds form an integral component of the 
this plateau receives a fair amount of rainfall. The annual total canopy habitat and many tree-species depend on them for 
rainfall averages about 3500 mm and is well-distributed their survival. Yet canopy-based studies of birds are few and 
throughout the year with a great proportion falling during the far between, mainly confined to the neo-tropics. Unlike birds, 
northeast monsoon between October and December. canopy small mammals are not the most conspicuous and 
charismatic forest vertebrates, though from a morphological 
During 1972, the forests of the Kakachi were opened for 
and ecological point of view they are a diverse group. With the 
plantation activity and timber extraction. Part of the forests 
exception of Australia, almost all canopy small mammals are 
was selectively felled to raise cardamom and to supply timber 
found in tropical rainforests (Emmons 1995).  Traditionally in 
for the matchstick industry. The canopy became 
India, studies on these taxa have been restricted to ground-
discontinuous with the removal of large trees like Cullenia 
based observations. This is the first attempt where canopy 
exarillata, Palaquium ellipticum, Myristica dactyloides and 
access has been employed to study bird and small mammal 
Calophyllum austro-indicum. In addition, many valuable mid-
communities in the wet evergreen forests of the southern 
canopy species were also illegally logged. Parts of the forests 
Western Ghats, India a global biodiversity hotspot and a 
were clear-felled and converted to tea, coffee and eucalyptus 
potential world heritage site. 
plantations. Also, the areas around Kodayar were deforested 
for the construction of a dam across the Kodayar River. These studies are part of an ongoing canopy research 
Hence, this area is a habitat mosaic and ideal for studying the 
effects on bird and small mammal communities.
Bird censuses were carried out simultaneously from canopy 
platforms as well as from the ground. Eighteen platforms 
2
were established in an area of approximately 12 km  with a 
minimum distance of about one km between two platforms. 
These canopy platforms were installed on tall, emergent 
trees, at an average height of 25 m above the forest floor and 
were accessed using the Single Rope Technique (Perry 
1978). Variable-width point counts were used to sample the 
avian community to estimate density/abundance of birds. 
For sampling small mammals, 37 grids were established at all 
platform locations. In addition, three permanent grids were 
programme at the Kalakad-Mundanthurai Tiger Reserve 
set up in primary, selectively-felled and clear-felled areas with 
since March 2006. The study site at Kakachi-Kodayar area is 
arboreal lines. The arboreal lines consisted of traps set at 5 
located on the saddle of a hill range running north-south.  It 
different heights along a vertical axis on 10 trees, with a 
forms a gentle undulating plateau with stands of undisturbed 
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underestimated and even missed recording certain species. The a distinct difference in vertical usage of habitat between the two 
encounter rates for all species were significantly different for the dominant species, White-bellied wood rat (Rattus rattus 
canopy compared to the understorey. The Malabar spiny wroughtonii) and Malabar spiny dormouse (Platacanthomys 
dormouse (P. lasiurus), which is cited in the literature as being an lasiurus) across the habitats, with the former being wholly 
elusive species, was the most abundant, similar to an often terrestrial, and the latter a predominantly canopy species. This 
quoted example of the arboreal Wooly opossum (Caluromys spatial staggering in their occurrence could have evolved to 
philander) in Central America, thought to be rare turned out to be avoid direct competition. 
the most abundant animal in the forest after canopy sampling 
Ground-based observations are bound to underestimate 
was employed.
abundance of many of the inconspicuous canopy-dwelling 
The habitat structure of the primary, selection-felled and clear- species even though we may merely document their presence. 
felled areas is very different. There is a decrease in tree height, Therefore, some species may be more abundant in the rainforest 
basal area and tree density from primary to clear-felled areas. canopy, but any ground-based study would underestimate their 
The avian community also changes with this change in numbers. Many birds such as minivets, tits, nuthatches and 
vegetation structure with similar structural attributes. flycatcher-shrikes are easily observed from the canopy in the 
spacing of about 10 m between the trees.
primary forest and difficult to detect from the ground except in 
Guild analysis across habitat was carried out which showed that 
gaps or edges. One of the important results that emerged was that stand-alone 
structural change in habitat had a distinct impact on the 
ground-based sampling led to inaccurate generalizations and 
community structure. Mid-storey dwellers were more sensitive A crucial factor in conservation assessment is habitat 
bias in the estimates of richness and abundance for both birds 
and were fewer in clear-felled areas. This phenomenon could be preference. It is a well-documented fact that many canopy birds 
and small mammals. The abundance of birds was greater while 
also forage outside contiguous forest in more open habitats that 
sampling from the canopy though not significantly so. A guild-
have environmental conditions similar to those of the canopy. 
wise analysis showed that ground-based sampling 
Therefore, canopy birds may be less dependent on undisturbed 
underestimated the frugivore and nectarivore abundance. It was 
forest than midstorey and understorey birds. Our observations 
also noticed that bird abundance was significantly higher across 
and results also confirm this supposition.
the day in the canopy. The diurnal patterns of species richness, 
abundance and community structure in the canopy differed We have emphasized the importance of canopy-based 
significantly when compared to that in the understorey. observation in studying avian and small mammal community 
ecology. It has also allowed us to make interesting observations 
Compared to neo-tropical forests and other S.E Asian forests 
on the behavioural ecology and habitat preferences of birds and 
such as Borneo, the small mammal community in the Western 
small mammals which would not have been possible from the 
Ghats, India is species-poor. The relative paucity of species 
ground. Though canopy platforms are constrictive and do not 
could be due to historic factors such as geographic isolation and 
allow movement and the ability to follow birds, they are 
the absence of groups such as arboreal shrews and marsupials. 
inexpensive to construct and install. Also, setting up of a series of 
Seven species of small mammals, viz. White-bellied wood 
such platforms in varied habitats gives us wider spatial coverage 
rat(Rattus rattus wroghtoni), Malabar spiny dormouse 
and helps understand if the canopy community can survive and termed as a type of 'guild compression' where, due to vertical 
(Platacanthomys lasiurus), White-tailed wood rat (Cremnomys 
perpetuate in a human-altered habitat matrix.space constraints, species are forced out of these habitats. 
blanfordi), Asian highland shrew (Suncus montanus), Jungle-
striped squirrel  (Funambulus tristriatus), Dusky-striped squirrel ( 
Unlike the bird communities, the small mammals have similar 
F. sublineatus) and Bonhote's mouse (Mus famulus) were 
community structure across the gradient with the primary forest 
encountered, of which two (P. lasiurus and F. sublineatus) were 
having higher species richness and more rare species. There is 
canopy-based. Stand-alone terrestrial sampling severely 
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An understanding of the  structure  and  organization   of  the  
canopy avifauna  is critical to having  a complete  picture of 
tropical-forest  bird  communities (Naka 2004). Most ornitho-
logical observations and studies, however, have been carried 
out from the ground. Such studies have obvious disadvantages 
when the habitat is structurally complex, as with tall mature 
canopies.   
 
Birds that inhabit the canopies include important functional 
groups such as seed dispersers, pollinators, and predators 
(Howe 1977, Nadkarni and Matelson 1989, Blake and Loiselle 
2000, Holbrook and Smith 2000). The last three decades have 
seen many advances in canopy access techniques, which have 
enabled scientists’ safe access to the canopy of rainforests 
around the world (Lowman & Wittman 1996, Sutton 2001). 
Avian studies have also greatly benefitted from these tech-
niques (Munn & Loiselle 1995, Winkler & Preleuthner 2001). 
 
A brief review 
The earliest attempts to study birds in the canopy used mist 
netting in the Amazon.  Canopy towers were used to conduct 
censuses in the Brazilian Amazon at Manaus by Lovejoy 
(1975) and in Panama (Greenberg 1981).  Abundance and 
seasonality of migrants in the canopy of the lowland rainfor-
ests of Costa Rica was investigated by Loiselle (1987, 1988). 
 
The use of portable canopy platforms to observe foraging be-
havior of birds (Nadkarni 1988, Nadkarni and Matelson 1989) 
greatly improved our understanding of the ecology and behav-
ior of canopy birds in Costa Rica. Similarly, Cohn-Haft et al. 
(1997) and  Naka (2004) demonstrated how canopy surveys 
using canopy towers showed that the canopy avifauna of 
Manaus was mostly composed of typical canopy bird species.   
 
Since the establishment of canopy crane sites in the early 
1990’s in tropical and temperate forests, many ornithological 
studies have taken advantage of these facilities. The Surumoni 
crane at Venezuela has been a host to many such studies; espe-
cially on frugivore bird assemblages, their foraging behavior 
and vertical stratification of the neotropical bird community 
(Walther 2000, Nemeth et al. 2001, Walther 2002 a, b, Schae-
fer et al. 2003). Other insights came from the Wind River 
Canopy Crane Research Facility in Oregon (Shaw and Flick 
1999, Shaw et al. 2002). Van Beal et al. (2003) studied the 
effect of birds on herbivory in the Neotropical forest canopy in 
Panama using the canopy crane. In a similar study by Kalka  
 
et al. (2008), effects on herbivory by bird and bat predation 
were examined. 
 
Pros and cons of canopy sampling 
Although access to the canopies for ornithological studies 
has provided valuable data in regard to the structure and 
function of avian assemblages (Walther 2003, Anderson 
2009), an obvious disadvantage of crane-based sampling has 
been the small sample size. Cranes allow flexible and con-
tinuous access to a large area with minimal effect on birds. 
They also facilitate deployment of canopy nets in places 
inaccessible for ground-operated canopy nets. But the n=1 
forest stand focus limits the utility of bird ecology studies 
using cranes.  
 
Platforms or canopy towers can provide a localized perma-
nent access solution to the canopy and facilitate observation, 
but they provide a biased impression as they do not provide 
the opportunity of actively pursuing birds in the canopy 
(Walther 2003). It is important to consider the high spatio-
temporal variability of food resources in the canopy (Leigh 
et al. 1996), which could influence the number of species 
and individual birds available to the observer. 
 
In our study in the Western ghats of India, we have worked 
around these problems by installing eighteen canopy plat-
forms in an area of about 12 sq km. These platforms are 
spread across a habitat mosaic of primary, selection-felled, 
and clear-felled regenerating forests and provide continuous 
repeated access to the canopy.  To circumvent the problem 
of independence of observations, we have used short inter-
vals of sampling to track individual birds that can be distin-
guished by differences in plumage and location in the forest, 
which avoids double counting (Vivek and Ganesh 2011). 
 
Development activities and global change scenarios have 
increased the need for conservation of biologically impor-
tant sites. We must use canopy-based estimates of species 
richness and abundance of bird species, which can be more 
accurately estimated without bias and will help to prioritize 
the conservation potential of sites. Canopy-based censuses 
are necessary to monitor long-term changes in composition 
of the avian assemblage following fragmentation and forest 
disturbance such as logging.   
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Canopy and Environment  
Conservation Nepal (CECN) is the first non-profit organi-
zation in the field of canopy and environment to conserve 
biodiversity and livelihood in Nepal. Subscriber dues, dona-
tions, and grants fund CECN. Stakeholders include scien-
tists, researchers, environmental professionals, canopy re-
searchers, conservation advocates and local individuals.  
 
The canopy is an important ecosystem that plays a vital role 
for biodiversity. Epiphytic plants contribute significantly to 
ecosystem processes, but to date, there is no tree climbing 
technique used in Nepal to explore epiphytic plants and ani-
mals.  CECN is the first organization offering tree climbing 
technique training free of cost to interested researchers and 
students.   
 
Vision and Mission 
CECN will address research, livelihood, environment and 
conservation issues with the main focus on providing solu- 
 
tions to the issues of deforestation and the empowerment of 
 forest dependent communities. Our mission is to explore 
the tree canopy from the greater Himalayas and improve the 
lives and health of the people along with the environment.  
 
Objectives 
CECN’s objectives are to: organize workshops, trainings, 
seminars, and conferences, and publish relevant articles in 
canopy and environmental issues; participate in and fund-
raise for conservation initiatives and research; support stu-
dents and conservationists technically and financially in 
terms of thesis and individual research; award conservation-
ists; raise awareness regarding organic farming, and provide 
training for the Canopy Access Proficiency (CAP) system.   
 
Message from the President 
I am pleased to introduce “Canopy and Environment  
Conservation Nepal”.  Our goal is to study the canopy with 
a focus on conservation in the Greater Himalayas, and to 
build a Canopy and Environment Network in Nepal.  
There are hundreds of dedicated scientists working in the 
field to help illuminate the canopy's secrets before it is too 
late and CECN is proud to launch this non-profit research 
organisation in canopy science. This organization will be 
used as a platform and pathway for scholars of interdiscipli-
nary exchange in scientific study of canopies and the envi-
ronment.  Each of us has a continuing commitment to articu-
late, reinforce and reflect our vision for Nepal in the field of 
canopy and environment. We welcome you to our CECN 
and are delighted for all of your support and collaboration in 
achieving our goals. 
Founder and President, CECN 
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